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INTRODUCTION. 



The publication of this work lias been conceived in tlie hope- of obviating some very great 
difficulties, whicli practical observation has suggested to our mind as lying in the way of scientific 
men, inventors, young engineers, students, mechanics, and machinists, who may not be practical 
draughtsmen; to set before them clear views of mechanism and mechanical relations, which by 
practice have become part of the habits of their minds ; and to enable them to apply those 
principles as well to the structure as to the laboring force of machinery. 

Our workmen far excel the artisans of other nations, in genius to invent, in skill to fashion, and 
in assiduity to finish, whatever they undertake: but they chiefly excel in contriving tools with 
which to complete their designs, and to confer on the workmanship all the perfection of which it is 
susceptible. To this truth every observer will assent who has calmly contemplated the specimens 
of mechanism in our manufactories, or the giant steam-engine by the shaft of a mine, on a rail- 
road, or in a ship. 

The knowledge of our various artisans and mechanics is the result of an education of a very high 
order. 

In the workshop, the manufactory, or the steamship, we see them enter on their task with the 
most thorough understanding of the various intricacies of the operations in which they are 
engaged. 

We see their well-trained hands subjecting to the dominion of their experience all the materials 
recjiuisite for giving existence to some new and untried forms and arrangements of mechanism, 
which shall be applicable to a desired purpose. 

All the artistic dexterity shown in the various manipulations by which the task is accomplished, 
appear to be the result of a species of intuition, while, in point of fact, it is only the development 
of that scholarship which every master in his art, which every man learned in his calling, carries 
about with him as a matter of course ; constituting him the owner of a property of which neither 
fortune nor locality can deprive him. 

The application of mechanics to steam navigation, railways, manufactures, and all branches of 
mechanical art, has acquired that importance in this country which authorizes correct drawings of 
. all important inventions of machinery, in mechanical combination, arrangement, and proportion, to 
be published on such a scale, with such full description of the parts, as will enable the student or 
machinist to fully understand their properties and adaptation, and also afford aid to inventors in 
their researches. i\-S the construction of the machinery which we are representing and illustrating, 
has been after the designs and drawings of the most eminent engineers in the country, we are 
encouraged to hope that our publication may take its stand at once as a national work. 

We are under obligations to gentlemen at the head of different establishments, who have 
generously honored our enterprise with their confidence ; and we can only say, that if we should 
not be remunerated for our labor and expense, in the commencement, it will not be from any want 
of promptness on their part in affording us all facilities for the selection of the newest machinery 
as subjects for our publication, and we trust that by furnishing finely executed engravings, after 
the most correct drawings, we shall very soon find ourselves in the agreeable position of having 
our efforts substantially appreciated by our. subscribers. 

Similar publications are well sustained in European. countries, and we know of no good reason 
why one should not be in this. At all events, it will be our constant endeavor to win the 
approbation of the public. 

THE EDITOK. 
1 
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BEAM ENGINE 



OF THE NEW TOKK STEAM SUGAE EEFINEEY. 



GENEEAL DESCEIPTION. 

We commence our first number, with a description of a steam-engine constructed by Messrs. 
Hogg & Delamater (foot of Thirteentli street, New York) for the use of the New York Steam 
Sugar Eeflnery. 

The following are the dimensions of the engine : 

Cylinder, 24 inches in diameter, 

Stroke, 6 feet, 

Vacuum pumps, 26 inches in diameter, 

Stroke, 3 feet. 

Cold water pumps, 18 inches in diameter, 

Stroke, 18 inches. 

This engine, when. in operation, makes an attractive appearance. It is beautifully proportioned, 
and the highest style of workmanship is visible in all its parts. It is designed, as we have stated, 
for a sugar refinery, and is operated in connection with two vacuum pumps, /t^ (t, which are 
placed on each side of the engine, for the purpose of producing .the vacuum in the sugar pans, 
and for condensing the steam from the cylinder. The beam JO L communicates by the connecting 
rod J!/^ with the crank iV", on one end, and on the other communicates with the engine, by means 
of the usual appliances, as seen in Plate I. The crank is connected with a shaft, by gearing, as 
seen in Plate IL, by means of which the power of the engine is applied throughout the building, 
in the usual manner. 

The reader, by a careful examination of this engine with respect to general arrangement and 
combination of the different parts, will find that much economy of labor and solidity of the 
engine, have been exhibited in its construction. A point chiefly worthy of attention, is the 
combination (Plate I.) of the bedplate Y "Fand the columns of this engine TTT. The column 
T and the lower part T\ are cast together, by which arrangement, the parts of the bedplate 
V V^ are necessarily bolted to the side of the base T^. The bedplate and the columns T T T 
are thus made to form one solid piece. The front pieces of the bedplate are also bolted to the 
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side of tlie columns, as is represented in the top view, (Plate III., Fig. 23.) The column is shown 
in the same plate, (Fig. 29.) The entablature W Wis bolted to the top of the six columns. It 
will be at once perceived, that by means of this combination, not the least vibration on the. 
engine frame is perceptible — ^the whole standing as firm as if it were of a single piece of iron. 

The mechanical arrangements for unhooking and disconnecting the air and cold water pumps 
with the engine, are worthy of reference. In Plate I., representing the side elevation of the 
frame, the coupling cases ^^ are made of cast iron, and keyed to the lower rods I^ I^. If the air- 
pumps are not required to be in operation, the keys by which the coupling cases ^^ are fastened 
to the rods ^^ are taken out, and then the rods ^^^ will slide loose in the cases ^\ The rods 
JS^ are of such length as to reach about 3 feet 6 inches into the cases HJ^ when coupled with the 
rods i^; so that when the buckets of the vacuum pumps are at the bottom of it, the rods JE^ will 
be about six inches within the cases JS"^. 

The upper keys on the parts J^^ can be removed or returned to their places, while the engine 
is in motion, and are consequently a great convenience to the engineer ; whereas, they would other- 
wise be a source of annoyance and interruption. 

Plate I. The governor Z Z is driven by a belt from the main shaft of the engine, and two 
bevel wheels, one connected with the governor's spindle, and the other with a small shaft com- 
municating by a belt with the main shaft of the engine to receive its turning motion. A throttle 
valve, bolted to the flange A^^ in communication with the governor by a gearing, regulates the 
admission of steam into the cylinder. 

The motion of the steam and cut-off valves is performed through the medium of two eccentrics 
in connection with two rods. The one for the steam valve has an eccentric hook on the end, and 
that for the cut-off valve has a strap end, by which means it is attached to a cast-iron lever keyed 
to the rockshafts <7and 0\ The valve and cut-off rods J5 and £^ receive their motion by means 
of two cast-iron levers that are fitted to each rockshaft. 

The cold water pump studs I^ are fastened by pins to the crossheads to which the cold, water 
pump rods are connected. 

Plate II. The parallel motion is represented (Plate IL, Fig, 1) with the beam of the engine at 
the highest position in its stroke. The piston and air-pump rods connected with it move in a 
vertical direction, parallel to the centre line of their pumps and parallel to each other ; the prin- 
ciples of which are well known, and are found in almost every work on mechanics. A point to 
be taken into consideration is, that tiie air-pump centres must ahvays be equi-distant between the 
main and end centres of the beam ; and the length of the main and air-pump links, which must be 
equal in distance from centre to centre, but may be made in any suitable length. 

Plate III. The sectional view of the cylinder, valves, steam-chests, and cut-offs, is represented 
in Fig. 10. The following rule, with respect to the position of the valves in communication with 
the piston, must be followed : When the piston is at the end of the stroke, whether up or down, 
the valve in communication with the entrance of steam for the cylinder, must remain open about 
one-eighth of an inch. This is mainly necessary to prevent any vibration or noise on the part of 
the piston or piston rod. It also has the effect to counterbalance the pressure on the piston, 
before it reaches the dead point, thus facilitating the return motion of the piston, and preventing 
any noise or derangement in the mechp^nical parts. Our own experience, however, is such, 
that we recommend that valves for an engine of this size be so arranged that the steam shall 
exhaust and enter the cylinder about four inches from the dead point. This is about the rule that 
ought to be observed, in proportion to the size of the cylinder, in the construction of all valve 
arrangements. 

Plate IV. The sectional views of the vacuum pumps G^ the cold water pumps H^ the condenser 
6r^, and the waste water reservoir G-^ are shown in Plate IV. 

A very singular and beautiful design for a water pump, originated by Messrs. Hogg and Dela- 
raater, and constructed by them in connection with this engine, and driven by two spur wheels, is 
represented in Plate IV., showing the two pumps in sectional views, their front and side elevations ; 
also the ground plan and some details. 
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DETAILED DESCRIPTION. 

Plate I. 

A Bottom plate of cylinder bolted to the top of the engine bedplate, A^ cylinder of cast iron, 
A"^ nozzle for the entrance of steam into the steam-chest. A^ steam-chest, A^ exhaust pipe cast 
to each side of the cylinder. J3 Rods for steam valves. £^ Rods for cut-off valves, made of 
wrought iron, to be all finished. O Rockshaft for steam valves. C^ Rockshaft for cut-off valves 
made of cast iron, to be turned. O^ Pillow-blocks for the two shafts. D Piston-rod of common 
steel. D^ Socket of wrought iron. £J Main links, straps of wrought iron, and centre piece of 
cast iron ; JE^ back links ; ^^ links of parallel motion ; ^^ vacuum pump rods, all of wrought 
iron ; ^^ coupling cases of cast iron. F Vacuum pump rods (wr. iron ;) i^^ vacuum pump bucket 
rods of brass or covered with copper ^ of an inch thickness. G Vacuum pumps ; G'^ waste water 
reservoirs; G^ condensers; 6^^^ bedplates for pumps and condensers; ^ Cold water pumps ; M^ 
flanges cast to the pumps to which the ascending pipes are bolted; H^ flanges for the suction 
pipes ; S ^ pump bucket rods of brass ; H^ pump rods, wrought iron. I Coupling cases cast 
iron; /^pump-rods; I^ cold water pumj)-straps, wrought iron, j^ Main pillow-blocks. LL 
Beam (cast iron.) M connecting-rod (wrought iron ;) JV crank ; shaft pillow-block (cast 
iron ;) P eccentric for steam valve gearing ; Q hub of fly-wheel ; H fly-wheel (cast iron ;) T T T 
columns of engine frame ; T^ T^ T^ bases of columns, cast solid to them ; V V parts of bedplate 
bolted to the side of the bases of the columns ; W entablature ; Z Z Governor. 

Plate II. 

Fig. 1 represents a side elevation of parallel motion ; Fig. 2 front view ; Fig. 3 top view ; Fig. 4 
front ^nd side view of connecting rod (wrought iron ;) Fig. 5 piston rod, common steel or hard 
iron; Fig. 6 coupling case for cold water pumps, and Fig. 7 coupling case for vacuum pump rods; 
Fig. 8 is the governor's spindle (cast iron ;) Fig. 9 governor stand (cast iron) and a Front View 
of the engine, showing the cylinder, frame of the engine, eccentrics, bedplate, fly-wheel, and a part 
of the gearing for the main building. 

Plate III. 

Fig. 10 is a longitudinal section of the cylinder and cover, steam chest, steam and cut-off valves, 
all of cast iron; valve stems A and £^ made of common steel; Fig. 11 top view of the cylinder 
and steam-che^t; Fig. 12 side view of the cylinder and steam-chest; Fig. 13 front view of steam- 
chest; Fig. 14 air-pump centre (wrought iron;) Fig. 15 end centres (wrought iron;) Fig. 16 
socket keyed to the piston rod and fitted to the crosshead on part <^; Fig. 17 guard for governor, 
represented in top and side view ; Fig. 18 top and side view of steam and cut-off valve stem cross- 
head ; Fig. 19 governor ball fastened to a wrought-iron lever, represented in a side and front view ; 
Fig. 20 rockshaft stands, shown in a side and top view — journal seats d 4 niade of brass ; Fig. 21 
shaft pillow-block ; Fig. 22 shaft pillow-block near the crank — ^both of cast iron — and journal 
seats of brass ; Fig. 23 top view of engine bedplate, showing the bottom plate of cylinder marked 
E^ and foot of governor stand marked c^,. giving a clear idea of the bolting of the different parts 
of the bedplate to the columns; Fig, 24 is a side view of a part of the bedplate, to which the 
base of the column marked T^ is bolted. Fig. 25 beam pillow-block — represents a side elevation 
and top view; Fig. 26 cold water pump buckets, represented in section and top views, made of 
composition; Fig. 27 vacuum pump buckets, shown in section and top views, made of composition; 
Fig. 28 engine beam shown in side and top views, made of cast iron; Fig. 29 columns represented 
in section and outside views. 
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Plate IV. 



Fig. 30 represents a longitadinal section tlirough. the vacuum-pump G^ waste water reservoir 6^^, 
condenser G^^ cold water pump H^ and bedplate Q-^, The cold water and vacuum pumps are 
made of cast iron and lined with brass through the whole length of the stroke of the buckets \ 
inch in thickness. The segments are about 4 inches wide, and planed on the side, to leave about 
3^2 of an inch clearness on the inside surface of the joints, which will be filled up afterwards by 
hammering the joints, by which operation the segments will keep firm to each other. The same 
can be done with one brass cylinder turned inside and outside \ inch in thickness, but the cast- 
iron cylinder would necessarily require to be heated before the brass cylinder can be put in, to 
keep the two cylinders firm to each other. However, segments are preferable, as it will spare 
some labor, at the same time will give greater compactness to the composition and firmness with 
the cast-iron cylinder, when it is hammered. G"^ valve and valve seats of composition, fastened on 
two sides by means of keys to their seats. Fig. 31 top view of bedplate, pumps and condenser. 
Fig, 32 top view of cover for vacuum-pump. Fig. 33 top view of cover for cold water pump. 
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OF THE 



LIETING AND EOECE PUMPS FOE THE NEW YOKE STEAM SUGAE EEFINEEY. 

Plate IV. Fig. 35 represents a front view : ^ is a column cast to the shaft pillow-block, and 

bolted to the bedplate O' by 4 bolts ; the top part of the column is connected with the bedplate 

by two braces B B made of wrought iron, all to be finished; (7 is the bedplate with strong ribs 

on the bottom, bolted on each side to the brick wall by 1-inch bolts. D is the lifting pump (cast 

iron) lined with brass on the inside, \ inch thick through the whole length of the stroke of the 

pump bucket, B air-vessel, F connecting rod (wrought iron,) G crank (cast iron,) H crosshead 

(wrought iron,) / pump rod, ^square guide rods, B guard for guide rod, M braces, N main 

shaft, spur wheel. Fig. 36 represents a side elevation of the pump ; F force-pump with valve 

chamber; Q plunger; B crosshead; K 3^ square guide rods; J/ J/ braces; i^,^ connecting 

rods; G G cast-iron cranks; i\^main shaft; spur wheel; A columns, B lifting pump, / pump 

rod, ^crosshead. Fig. 37 represents a top view of the bedplate and the mechanical parts of the 

pumps; Fig. 38 top view of braces and guard for the pump rods, showing the columns in section; 

Fig. 39 braces in detail (cast iron) bolted on each side to the columns, for the purpose of securing 

the two guards by bolts to the braces, to guide the pump rods in a parallel direction to the two 

pumps. Fig. 40 represents a section through the lifting pump bucket and air-vessel. Fig. 41 is 

a top view of the lifting pump ; Fig. 42 side view of manhole plate of the same ; Fig. 43 section 

of forcepump and plunger — pump cast iron, plunger brass ; Fig. 44 top view of the same ; Fig. 

45 pump bucket represented in section and top view; Fig, 46 guard to guide the pump rod 

represented in side and top views ; Fig. 47 forcepump rod crosshead ; Fig. 48 lifting pump rod 

crosshead. 
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PRACTICAL TREATISE ON TOOLS AND MATERIALS. 

Irok is the material almost exclusively employed in mechanical engineering* Iron ships, bnild- 
ings, pavements, and railings, — -iron bridges, aqnedncts, cars, and statues, — ^machinery of a thousand 
kinds, tools, domestic and mechanical, hardware, stoves, gratings, and columns,-— and the noblest 
offspring of the iron manufacture — the Railway akd Steam EisraiKE,— all involving the employ- 
ment of millions of capital and tens of thousands of strong and skilful laborers,— serve to show how 
truly is iron the great agent of modern art and industry. And as new wants have arisen, and new 
fields of invention and industry have presented themselves, the iron manufacture has been adapted, 
in direction and detail, to supply the requisite fixtures and machinery. 

Iron is rarely found in a pure or native state. In Canaan, Conn., iron has been found pure, in 
a vein or plate two inches thick, and sufficiently ductile to be wrought into nails by a blacksmith. 
In almost all parts of the world there are also some few deposits of native iron. 
. Iron exists naturally as an ore,— in the form of a rusty, metallic stone. The most common kind 
of ore used— the hematites— may be described, in common w^ords, as iron rust solidified or con- 
creted by water. Chemists call it hydrated oxide of iron, or red or brown oxide of iron,— and 
chemically, it is composed of iron, oxygen, and water. 

In the United States, the earliest iron works (and they made iron in Massachusetts previous to 
the year lYOO) were supplied with " bog ore," dug in neighboring swamps. Perhaps the oldest 
iron mine is the Warwick mine, near Phoenixville, Pa. This was opened a few years before the 
Revolution, and is yet worked with much success It is 1.50 feet deep, and has been mined over 
sixteen acres of surface. A considerable portion of the ore used in the great j^ail mills of Reeves, 
Buck & Co., at Phoenixville, is obtained from this mine. 

The extent and abundance of the deposits of iron in this country are remarkable. We have the 
common reputation of existing iron furnaces in nearly every state in the Union; while in others, 
explorations or genealogical analogy prove the existence of vast bodies of iron. The Pembroke 
iron of Maine, the Franconia of New Hampshire, the Adirondack, Hudson, Sterling, and Clinton 
of New York, the Salisbury of Connecticut, the many beds in New Jersey, the wholesale deposits 
in Pennsylvania, Maryland, Virginia, Alabama, and in every Western state, are all as notorious as 
the wheat, corn, or cotton of either of those districts. Take Pennsylvania, for instance: the 
Schuylkill,. Susquehanna, Alleghany, Juniata, Monongahela, and smaller valleys, .are literally filled 
with iron. In Virginia, the Shenandoah, the James, the Kanawha, and other valleys, are under- 
laid continuously with iron. In Missouri, the " Iron Mountain" and " Pilot Knob" are towering 
masses of iron — millions of tons in extent. It has been estimated that the " Iron Mountain" alone 
— containing over one hundred millions of tons of iron — would supply the entire probable wants 
of the whole world for that material for at least ten centuries. In Wisconsin, and on Lake Supe- 
rior, some of the purest known ores exist in the same lavish profusion of nature. 

We can apply no figures to the extent of the supply of iron now opened and in store for the 
f ature generations of mankind ; for the present, the supply is exhaustless. 

American iron is stronger and softer than most of the iron imported. It is in general consider- 
ably superior to English iron, but not to Russian and Swedish bars. Scotch pig is a kind of cast- 
iron much used on account of its superior fluidity when melted, but it is not as tough nor as 
desirable in any other respects for machinery as ordinary American iron. 

The following results relative to the strength of American irons were obtained by Professor W. B. 
Johnson, who experimented at the expense of the American government. 

Strength in lbs. 
per sq. inch. 

Iron from Salisbury, Connecticut, by means of 40 trials .... 58,000 

" Sweden, " 4 "... . 58,084 

" Centre County, Penn., " 15 " . . . . 58,400 

" Lancaster County, Penn., " 2 " . . . . 58,061 
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Iron from Mclntire, New York, by means of 4 trials 

'' England, (cable bolt,) " 5 ^' . . 

" Russia, '' 5 '' . . , 

^' Carp River, Lake Superior, determined by Major Wade 



Strength in lbs. 
per sq. inch. 

68,912 
59,105 
Y6,069 
89,582 



Everyone is familiar with the practicaT difference between cast and wrought iron. Yet it is 
difficult to describe, strictly, in what the • difference consists. It is hardly a chemical difference. 
It may be called, perhaps, a mechanical difference in the arrangement of the atoms of the iron. 
In pig or cast iron, the atoms are united in homogeneous masses, with no intervening bond except 
the natural cohesion of the particles themselves. In wrought iron the atoms are disposed in dis- 
tinct fibres, united each with the other by a cementing principle contained in the cinder of the 
iron. 

The conversion into wrought iron is effected, not by any mixture of the pig metal with other 
matter, but simply by an additional heating, which heat is prolonged for some time at just above 
the melting point, and during which the iron is stirred up until every particle has been brought 
under the cementing action of the heat. 

There are various distinctions arising from the precise nature of the mateiials and processes em- 
ployed, which exert a great influence on the nature and value of the product. Thus, if charcoal 
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fuel is employed in the smelting process, the product is charcoal iron, and is generally esteemed 
tougher and better for making into wrought iron, especially for steam boilers, where great strength 
and little thickness are required. The product of snch furnaces, when blown with air previously 
heated, is considered inferior to " cold blast" iron ; and the peculiar ores and processes employed 
m Sweden and Knssia^>give "Swede's Iron" and "Old Sable" a peculiar character, which can only 
be described by thus designating the location of its manufacture. So, too, in practice, most of the 
irons in commerce are conventionally designated by the name of works, as Stirling, Sligo, Juniata, 
etc., the character of processes, etc., at each being supposed to be well understood, so far at least 
as the workable qualities of the product are concerned. In the broadest general view, however, 
the ores and smelting processes may be considered as nearly identical, but producing, by laws as 
yet imperfectly understood, six distinct qualities of pig metal, ranging from the " Gray," which 
contains the most carbon and oxygen and flows the most readilj?^ in the mould, to the "White," 
which contains the least of these substances, and is extremely hard, but brittle. These distinctions, 
which are represented by numbers, have been already alluded to ; and in the subjoined note is 
exhibited, in one general view, a connected outline of the whole .process of manufacture. The dis- 
tinctions between forge and foundry iron must be considered as general, and not absolute ; foundry 
No. 3 being frequently used in the puddling furnace, and forges Nos. 1 and 2 being sometimes em- 
ployed with complete success in mixing with others for large and not very intricate castings. 

One great reason for the universal employment of iron in the mechanic arts is its cheapness. 
The prices per ton given in the analytical view on the previous page were designed chiefly to 
illustrate the Gor}%parative values of the various qualities, but may serve approximately to indicate 
the absolute cost of the ordinary cheap qualities of anthracite iron in its crude condition. The 
cost of iron as compared with other metals may be realized by inspecting the following figures : — 



PEICES PEE POUKD OF METALS IN QUAISTTITY. 



Crude iron, (pigs) 

Wrought iron. 

Cast-steel 

Lead 

Spelter 

Zinc 



1\ cts. 

15 
6 
6 

1 



Copper . 
Tin 

Mercury 
Silver . 
Platinum 
Gold . 



25 cts. 



26 
44 

$1Y.00 
128.00 
270.00 



But, interesting and important as is the subject of iron, and valuable as might be made a full 
treatise both on it and its rival, copper, we must hasten very lightly over it to spend more time 
on its more perfected form, iron in the state of steel. 

Cast-steel is the metal now universally employed as the master metal, or that which is mOst 
available in giving shape to others. In the form of hammers and anvils, dies, swages, and a host 
of kindred tools, it gives to any malleable metal^w^hen skilfully manipulated an approximation to 
almost any form desired. In the form of chisels and files it removes superfluous parts even of 
the most rigid castings, and gradually reduces an unshapen mass to the finely proportioned pieces 
required in scientific modern engineering. The ancients are affirmed to have possessed the art of 
hardening copper, and it is probable that many of the finely carved stones in the buildings and 
ruins of the old world were executed with copper tools, but the art of hardening this metal (ex- 
cept to a slight degree by admixture with other metals) has long been lost, and the superior 
cheapness of excellent steel makes it undesirable to expend any considerable time in the appar- 
ently hopeless task or rediscovering any other hard materials for tools. 

The cause of the great hardness of properly prepared steel is yet unknown. The only agents 
necessary to its development are calorific. All steel, and indeed many kinds of iron, both cast and 
wrought, when heated to a red heat and suddenly cooled, assume a much harder condition than 
when allowed to cool slowly, and nearly or quite all forms of iron and steel are capable of being 
annealed or considerably softened by a long and general cooling in an oven or a pile of ashes. 
Except for a comparatively few purposes, however, the softening of steel is rarely of much inter- 

2 
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est, and we will confine our attention in this chapter entirely to the proper production of the op- 
posite effect. We shall, in the few pages devoted to this important subject, quote liberally from 
the ^^Machinist's and Engineer's Assistant," as also from Mr. E. P. Freedley's recent work on 
^^ Leading Men and Leading Pursuits," in the LTnited States, without further acknowledgment. 
The treatise on this subject in the former standard work, is in fact the basif of which this chapter 
may be considered but a very thorough revision. 

One of the operations which naturally seems the simplest to be effected by the mechanical en- 
gineer is the production of plane surfaces of metal. But, however simple it may seem to enunci- 
ate, it is practically quite difficult to effect. Strictly speaking, there are no perfectly plane surfiices. 
All bodies are composed of particles so connected together as to leave pores or cavities between 
them, and all artificial surfaces are necessarily irregular and uneven to a degree which can be 
readily seen with the aid of a microscope. Even the most highly polished razors or needles appear 
rough and jagged under a high magnifying power, and although there are surfaces formecl by 
nature in the wings and shells of insects, etc., which appear perfectly smooth under the most 
powerful microscope which can be brought to bear on them, we may safely assume that even these 
exquisite substances are really porous and irregular, but only to a less degree than artificial objects. 
When surfaces are in contact, we cannot assume that the whole faces are together, but only cer- 
tain most prominent points. It is theoretically required, in a surface for mechanical purposes, 
that all the bearing points should be in the same plane, that they should be equidistant from each 
other, and that they should be sufficiently numerous for the particular application intended. 
Where surfaces remain together in fixed contact, the bearing points may, without disadvantage, 
be fewer in number, and consequently wider apart ; but in the case of sliding surfaces,, the points 
should be numerous, and in close approximation. In the use of emery for producing plane sur- 
faces, by grinding, very many serious difficulties are involved. The surfaces are usually made ad- 
hesive with oil, and the emery powder is sprinkled thereon as evenly as may be, after which the 
faces are pressed together and rubbed upon each other. Were it possible to rub the metals to- 
gether in every possible direction, bringing successively every part of one in contact with every 
part of the other, a close approximation to actual plane faces would be produced on. both; but 
this is rarely the case in practice, and the abrasive effect is usually far less perfect, producing 
ridges and grooves of a greater or less extent and regularity according as the process is conducted. 
Ordinarily also the powder collects in greater quantity about the edges of the metal than upon 
the interior parts, producing the well-known effect of the bell-mouthed form. This is particularly 
objectionable in the case of slides, from the access afforded to particles of dust, and the immediate 
injury necessarily occasioned thereby. Another circumstance materially affecting the durability 
of ground slides, is, that a portion of the emery becomes fixed in the pores of the metal, and can 
never be entirely eradicated therefrom ; causing a I'apid and irregular wear of the surface. 

In short, there can be little chance of a multitude of points being brought to bear, and distrib- 
uted equally under a process, from which all particular management is obviously excluded. To 
obtain any such result, it is necessary to possess the means of operating independently on each 
point, as occasion may require; whereas, grinding affects all simultaneously. 'It is subject neither 
to observation nor control ; there is no opportunity of regulating the distribution of the powder, 
or of modifying its application, Vfith reference to the particular condition of the different parts of 
the surface. An appearance, indeed, of beautiful regularity is produced, to which, no doubt, we 
may trace the universal prejudice so long established in favor of the process ; but this appearance, 
so far from being any evidence of truth, serves only to conceal error; and under this specious dis- 
guise, surfaces pass without examination, which, if unground, would be at once rejected. 

In addition to what has been stated, it must be remembered another great evil of grinding is, 
that it takes from the mechanic all sense of responsibility and all spirit of emulation, while it de- 
ludes him with the idea that the surface will be ultimately ground true ; hence, he slurs his work 
over in a slovenly manner, trusting to the effect of grinding, being conscious that it will efface all 
evidence either of care or neglect on his part, and thus it appears that the practice of grinding has 
seriously impeded the progress of improvement. 

We have shown above, that absolutely true and perfectly plane surfaces are entirely unattain 
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able by linmaii skilL The remark propagated by some writer that the phrase " near enough" 
should never be nsed in the machine shop, and that nothing but absolute perfection should be 
tolerated, is extremely unwise. It is possible to aim at a degree of perfection far beyond the 
necessity of the particular case, the difficulty of which would more than counterbalance the advan- 
tage, and every adjustment, every touch given, is but a compromise. It is found that an error 
exists, and the blow is struck with the knowledge that it may introduce another, but it is hoped a 
smaller one. The extensive class of machinery denominated machine-tools, affords an important 
application of the subject; here every consideration combines to enforce accuracy. 

The tool employed for scraping is not only simple, but easily made. It should be of the best 
cast-steel, and carefully sharpened to a fine edge on a Turkey-stone, the use of which must be fre- 
quently repeated. Worn-out files may be converted into convenient scraping-tools. A flat file, 
with a broad end bent and sharpened, will be most suitable in the first instance, and afterwards a 
three-angled file, sharpened on all the edges. The process of scraping is equally simple, requiring 
rather care than skill on the part of the workmen, whilst it affords a certain and speedy means of 
attaining any degree of truth that may be deemed necessary, thus tending to the gradual estab- 
lishment of a higher standard of excellence, the influence of which cannot fail to affect beneficially 
all mechanical operations, opening at the same time to the mechanic himself a new field in which 
he will find ample scope for the exercise of skill, both manual and mental. 

We are now in a condition to proceed with the matter more immediately under consideration. 
The value of every cutting instrument depends upon the excellence of the steel of which it is made, 
the care bestowed during the several processes of forging, hardening, and tempering, and the just 
^ adaptation of the angle or bevel which forms its edge to the work it is intended to perform. Gen- 
erally speaking, this angle is determined by the hardness of the substance to be operated upon. 
Thus, we see chisels for cutting soft woods are thinner than those used for the harder species, and 
these, again, are more acute than chisels employed for cutting metals, or, in other words, the 
greater the resistance offered by the material to be cut, the more obtuse must be the angle of the 
tool. This definition is not propounded as rigidly correct in all cases, although it is susceptible of 
abundant practical illustration ; for example, in hand-turning, the workman is enabled, by raising 
or lowering the T of the rest, to vary the direction and limit the cut of the tool employed, accord- 
ing to circumstances. This one fact, amongst a multitude of others equally palpable, that could be 
adduced, might have been expected to induce inquiry and investigation. On the contrary, we 
have to state that the form of tools, more especially those used in turning and planing, iron, brass, 
etc., has not hitherto received that attention which the importance of the subject calls for, nor has 
any attempt been made to reduce it to plain and general principles, of which it is highly suscep- 
tible, and if so treated, would be of much service to those in whose hands the management of such 
tools is for the most part entrusted. So many considerations of a practical nature are inseparable 
from this subject, that the quality, as well as the quantity of work producible from turning-lathes 
and planing machines, depends entirely upon the skill of the workman in giving to his tools the 
proper form. 

The general principle of the working tool, which is equally applicable whether the motion be 
horizontal, cirqular, or vertical, is deduced from a consideration of the direction in which the metal 
is to be cut or penetrated. With regard to the first case, as in the planing-machine, (it is imma- 
terial, so far as the principle here contended for is concerned, whether the tool be stationary and 
the table of the machine movable, or the reverse, since the action is precisely the same in either 
case,) it is manifest that if, while the axis of the tool stands at right angles to the plane of the 
material to be cut, its face be bevelled, and consequently, if its point or cutting edge be made in 
the form of a very obtuse angle, it will possess little or no penetrating quality; such a tool would 
not cut, but rather abrade, or probably crush off the particles of metal. Again, if we resort to the 
other extreme, and give to the cutting edge the shape of an extremely acute angle, we shall find, 
however sharp it may appear, a total absence of penetrating quality, or, at all events, in the re- 
quired direction, and what is equally objectionable, the point being weak, would snap off, incapable 
of resisting the least applied force. 

Erom an investigation of these and other obvious facts, a tool of the form shown in the annexed 
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cut, Fig 1, fulfils the requisite conditions, as it combines a Mgh degree 
of acuteness, witli sufficient strength— the former in the direction of the 
cut, and the latter behind the point or cutting edge, where it is most 
needed. Hence, the following principle may be established — namely, 
that in forming and setting a tool to cut any surface, it is essentially ne- 
cessary so to place it that the end shall form but a small angle with the 
surface to be cut, or, in other words, be as nearly parallel as practicable, 
and whatever degree of acuteness may be deemed necessary must be ob- 
tained by hollowing out the face JS O on which the shavings slide. An 
apt and very familiar illustration of the principle may be drawn from the 
common plane of the. joiner. An artificial end being given to the plane- 
iron, which is here the cutting tool, by means of the sole of the plane, 
this necessarily limits the penetrating quality in all directions, except 
that in which it is required to remove the material. Further, it can scarcely have escaped obser- 
vation that the bevelled surface next to the wood itself shall form the least possible angle. 

In practice it is frequently more convenient for the smith to so forge the tool that the point IH 
shall prcyject forward beyond the line O, This form facilitates the subsequent grinding, which 
may be necessary, as the edge becomes dulled, and is in several respects superior; but the point 
must. not be projected too far so as to spring, and the effect, so long as the proper angle is given 
to the acting face, is evidently the same as in the illustrations here given. The forms I'epresented 
show the principle under construction in a very strong light, and it is evident that it applies with 
equal force in the case of turning-tools, and, indeed, in every tool, from the smallest and most deli- 
cate of the clock and watch maker's, up to the largest and most powerful tool in any engineer's lathe 
^^^' ^- - or planing-machine. 

As regards circular motion, w^e have a clear exempli- 
fication of the principle by merely considering the tool 
already described as a turning-tool. Here A B^ Fig 2, 
shows a section of a cylindrical bar in the lathe, and 
E F^ so placed as to be, as nearly as circumstances will 
permit, a tangent, that is, at right angles to the radius 
of the curve — ^the requisite acuteness being obtained, as 
before, by hollowing out the face JE G, 
The same principle applies to drills. Thus, H being the end view of a drill, the edge P 
should be in the least degree prominent or out of the plane of the ^^g- ^i- 

surface, of which the bounding lines are the edges, 8 being 
slightly less prominent than P, so that the penetrating quality at 
the edge P may be limited as much as possible. An adherence 
to this rule will produce a drill that shall cut a smooth and equal 
hole, without chattering as is. commonly the case when the edges 
are bevelled very much back, as shown at R, The necessary acute- 
ness to the cutting edge of the drill is easily obtained by merely 
observing the principle laid down in respect to turning tools — ^that 
is, by hollowing a groove at AT, at each cutting face. 

Every mechanic is sensible of the value of good tools as necessary 
appliances to the performance of his work more quickly, with less 
exertion, and more accurately than can be done with inferior ones ; 
yet how few are in a position to answer this apparently simple ques- 
tion, what constitutes this quality denominated goodness % The ex- 
cellence of cutting tools is generally decided by their relative degrees 
of endurance ; but how many incidental circumstances may, and fre- 
quently do, interfere to vitiate any accurate comparison ? As regards 
hardness, nearly the only test is the resistance the objects offer to 
the file, a mode extremely fallacious, because files differ among themselves in hardness, and at beBt 
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only serve to indicate in a very imperfect manner, to the touch of the individual, a vague notion 
without any distinct measure. 

Take, for example, two chisels for turning iron, both of cast-steel, and from the hands of the 
same maker, and although precisely alike in outward appearance, the one may be absolutely worth- 
less and the other equally valuable. Nay, one portion of the same chisel may be good and the 
other bad. If, during the process of fabrication of two cutting tools, the same treatment be prac- 
tised with similar care, we should naturally exj)ect, all things being coincident, that the one would 
correspond with the other. Experience shows the fallacy of this mode of reasoning. Nearly 
every metal turner makes his own tools, and for this plain reason — that he cannot place any de- 
pendence on those he purchases. 

In order to elucidate a subject confessedly of the highest possible importance, but unfortunately 
obscured, beyond any other connected with mechanical art, by conflicting opinions, we now pro- 
pose to investigate the nature and properties of steel, and to introduce a variety of practical 
examples, collected from authentic sources, in preference to any speculative theories. These 
examples will be found, in most cases, to confirm, but in some to confute each other, thus leaving to 
each individual the means of testing, by his own experience, the value of the information offered. 

Steel, as is well known, is made by combining carbon with iron. Bar steel is made by a process 
called cementation^ which consists in placing bars of the purest malleable iron in alternate layers, 
with powdered charcoal, in a proper furnace ; air is carefully excluded, and the whole kept at a 
red heat for several days. By this process carbon combines with the iron, and alters its texture 
from fibrous to granular crystalline. In these furnaces, twelve tons of bar iron may be converted 
into steel at each charge. This has been called hlistered steel, from the air-bubbles which cover 
its surface, derived apparently from the formation of carbonic oxide during the process of cement- 
ation. The action of the carbon causes cavities and fissures, which render the steel unfit for use 
until it has undergone the operation of tilting^ which is performed by beating it under tilt-ham- 
mers, weighing usually two hundred weight, until it acquires a very uniform structure. Shear steel 
is made by binding together several bars of blistered steel, by means of a steel rod, and* heating 
them to a welding heat, the surface being covered with sand or clay to prevent oxidation. It is 
then drawn out into a bar, by means of a tilt-hammer, and rolled. In this state it is more tena- 
cious and malleable, and susceptible of a finer polish. Cast-^tQ(d\ is made by melting blistered 
steel, broken into small pieces, in fire-clay crucibles, closely covered, by means of a coke fire. It 
is then cast into '' ingots'' and rolled into bars. In this condition it has a much more close, fine- 
grained, and uniform texture. Sheet steel is made by being rolled between revolving cylinders. 

Damascus steel is made directly from the iron ore, principally a red oxide of iron. Wootz is 
the name given to the steel, the most ancient known, derived from India, celebrated for the tough- 
ness and durability of the cutting edges made from it ; it is made from magnetic iron ore, such as 
is found in abundance in New York, New Jersey, and Pennsylvania. It is highly probable that 
the genuine Damascus blades were made from '' wootz ;" the imitation blades, of modern make, 
though they have a damasked appearance, have none of the superior qualities of the true Damas- 
cus swords. It has been said that the peculiarities of this steel depend on the presence of a small 
quantity of aluminum ; but this is by no means settled. German steel derives its name from the 
manner in which it is manufactured. It is made of pig or white-plate iron, in forges where char- 
coal is used for fuel. To this last, and to the character of the ore, (bog-iron or the sparry carbon- 
ate,) its properties may be attributed. 

The most important element in making steel is the iron ore. Bog-ore, impure hematites, impure 
magnetic and sparry, ores, will make steel, but at great expense and of an inferior quality. Ac- 
cording to Mr. Overman, the only iron ores in this country, which can be profitably used for the 
manufacture of natural steel, are the ore of the Missouri iron-mountain, the recently-discovered 
deposits near Lake Superior, and the specular ores of Pennsylvania and New Jersey ; either car- 
bonates or peroxides of iron. A low heat, an abundance of coal, (well-charred pine charcoal is 
the best,) and good ore, will produce good steel; and in no other way can it be produced. Many 
attempts have been made to make good cast-steel directly from the iron, on a large scale, without 
resorting to the converting process into blistered steel, but without success. 
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Tlie question whether steel contains any thing besides iron and carbon is purely chemical, the 
consideration of which would form, did space allow, an interesting theoretical illustration of the 
present inquiry. The researches of the French academicians, Monge, BerthoUet, and Vander- 
mande, indicate the distinction between cast-iron and steel to be, that the former is charged with 
a superabundant, the latter with a minute yet sufficient dose of carbon ; wrought iron, on the con- 
trary, if pure, is free from all heterogeneous matter. It is to be regretted that the constituent 
proportions of steel have not been accurately determined. 

Vauquelin assumes the average amount of carbon to be 1-1 50th, and Clouet places it as high as 
l-32d. Mr. Parkinson considers the quantity of carbon necessary for making of steel to be very 
small — indeed, the actual amount seldom exceeding l-200th or l-300th, and perhaps never more 
than 1-lOOth, the remaining portion of charcoal flying off at the time of cementation in the form 
of gaseous oxide of carbon. 

Dr. Thomson analysed some specimens of cast-steel, and the general results of his trials gave 
the constituents as follows : — 



Iron, . . . 
Carbon, with some silicon, 



99 
1 



Now this approaches — 



100 



Iron, 20 atoms, . e . . . .... YO.OO 

Carbon, 1 atom, . . , . . , . . ,0.75 



■10.15 



And this Dr. Thomson considers as likely to be the constitution of cast-steel. He did not, in like 
manner, attempt the analysis of blistered steel, but concluded the proportion of carbon in it to be 
rather less. It is well ascertained that iron and carbon are capable of combining together in a 
variety of different proportions ; when the carbon exceeds, the compound is carburet of iron ; 
when the iron exceeds, the compound is steel, or cast-iron in various states, according to the pro- 
portion : all these compounds may be considered as sub-carburets of iron. The most satisfactory 
deduction from experiments on these compounds which has yet appeared is, that the hardness of 
iron increases with the proportion of charcoal with which it. combines, till the carbon amounts to 
about l-80th of the whole mass. The hardness is then a maximum, the metal acquires the color of 
silver, loses its granulated appearance, and assumes a crystallized form. If more carbon be added 
to the compound, the hardness diminishes in proportion to the quantity, as appears from the fol- 
lowing tabular arrangement on iron and steel. 

Iron, semi=steelified, contains 

Soft steel, capable of welding, . 

Cast-steel for common purposes, 

Cast-steel requiring more hardness, . 

Steel capable of standing a few blows, but qu 

drawing, . . 
First approach to a steely granulated fracture, 
"White cast-iron, . . . . 

Mottled cast-iron, 

Carbonated cast-iron, .... 

Super-carbonated crude iron, . 

But even in the present advanced state of chemical and microscopic science, it is impossible to 
say how far the peculiar properties of steel are due to the crystalline structure, rather than to the 
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cliemi(^al constitution of tlie metaL Steel is nndoubtedly to a great extent a meclianical produc- 
tion of the forge-hammer, which tears the molecules of certain species of white cast-iron out of 
their original positions, into which the forces of attraction, in respect to. the centres as well as to 
the position of the molecules, had arranged those molecules by the slow action of heat. 

Perfectly pure iron, cemented in equally pure carbon, would- doubtless produce steel free from 
blisters ; but as in practice these blisters are unavoidably evolved, it is needless to inquire into 
their origin more minutely than we have alreaidy done, especially as it seems to be admitted that 
blistered steel is unequally carbonized, the outside retaining the larger portion. It is, therefore, 
rendered fit for the market by doubling and welding several times, by which means the parts are 
more intimately blended together, and the carbon more equally distributed; in thi^ state it is 
called spur steel. These repeated weldings, although they tend to condense metal, are apt to 
produce flaws, 1st, by imperfect union ; 2d, by the carbon burning out of the commingling sur- 
faces, thereby interposing a stratum of iron or imperfectly converted steel, and this being softer 
than the surrounding particles, would give way during the extension of the steel. To what 
cause such defects are to be attributed, must- necessarily remain a matter of conjecture ; but that 
they do very largely accompanj^ this description of steel is certain; and it is a question whether 
any process short of actual fusion can totally remove them; nevertheless, it is ascertained that 
long-continued forging essentially conduces to soundness or homogeneity. 

An excess of carbon renders steel harder and more brittle, therefore an inequality is liable to 
occur. Good steel, hardened by sudden immersion in cold water, when at a red heat, will rapidly 
return to a soft state by slow cooling from such heat, and more equally so if the external atmo- 
sphere be carefully excluded; but chilled cast-iron will not; it requires to be exposed for many 
hours to an intense heat, and must not be smothered by fuel to prevent the escape of the super- 
abundant carbon with which it is charged. The air, too, should be allowed free access as a means 
of disengaging some portions of the carbon, while the remamder has a tendency to equalize itself; 
then, if slowly cooled, the mass will be found to be sufficiently annealed. 

The reduction of iron from the condition of cast-iron to that of wrought is a partly chemical 
and partly mechanical process, never perfectly understood either in theory or practice. Very 
slight changes (frequently no apparent ones) in the processes produce very widely varying results. 
Absolutely pure iron is not as strong as that with just enough carbon, silica, and the like. Cast- 
iron can be found containing a little more, a little less, and exactly the same, amounts of carbon 
as the best cast-steel. It is believed that wrought iron consists of fibres surrounded by cinder, 
while cast-iron has the cinder chemically combined, and that steel resembles and yet differs from 
both in its internal structure. - 

Most of the steel used in the world is manufactured in Sheffield and Warrington, in England, 
and the British manufacturers have, to a great extent, secured a monopoly of the product of the 
Danamora mines in Sweden, which, it is affirmed by these parties, have thus far proved the 
most suitable for the purpose. There are about ten manufactories in the United States, man- 
ufacturing steel of various kinds from American ore, but although very successful in producing 
the cheaper varieties, they have so far failed to establish a reputation for their cast-steel, as good 
as that of similar material from the mammoth British works. The difficulty does not lie in the 
materials, but in the skill and care with which the operations are performed, or rather in the 
smallness of the. scale on which the works are conducted. The large concerns of Great BrI .ain 
have a great number of workmen, each trained in his especial department for many years, alv ays 
working with the same metals and fuel, and with similar machinery. As a consequence, 1 hey 
become enabled, almost intuitively, to distinguish and assort the products at different stages oi the 
manufacture, so as to produce given and reliable qualities of steel. There is really a great diver- 
sity in cast-steels, even among those kinds which are sold at the same price. The hard Si^eel, 
suitable for a pick or cold chisel, is treated differently, and is made from material which, at an 
early stage, presented a different appearance from that suitable' for surgical instruments, This i^. not 
generally known, but is affirmed by the agents of English manufacturers to be strictly true^ and 
the same parties affirm that much of the trouble arising from the failure of steel, arises fro^a an 
improper selection. We would recommend to parties using large quantities, to give their ot ders 
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to an intelligent and active man, with full instructions in relation to the purposes for which it is 
to be used, and always thereafter to obtain from the same works an article marked in precisely 
the same manner. We are imwilling to do any thing which may seem to discourage the home 
manufactures of our country, but justice to the subject, with our present information, compels us to 
acknowledge that at this date, the cast-steel of no American works is as uniform in quality as that 
from the English. A lot which is intended to be precisely similar to another previously used, may 
prove in practice to require very different treatment. 

Steel, at a red heat, when suddenly plunged in cold water, becomes both brittle and hard; but 
even in this state its toughness greatly exceeds that of any other brittle substance. This 
characteristic hardness cannot be given in part, but always in full, and to its highest limit. 
So true is this, that in a piece of steel, a portion of which is hard and a portion soft, no gradation 
of hardness can be detected, the parts adjacent to the hard portion being quite soft, or, as some 
think, softer than if slowly cooled. This singular fact has been thus accounted for : — Suppose a 
rod of well-hammered steel to be heated at one end for hardening, there will be a gradation of 
temperature from the coldest to the hottest extremity, and the annealing or reduction of that 
hardness which it has received will be in proportion to the heat, consequently, the rod will be 
softer and softer towards the end where the heat is applied. On plunging the bar into cold 
water, that portion which has become sufficiently hot to harden, is rendered quite hard, but that 
part immediately adjacent to it will be found to be most annealed, and will endure more twisting 
and bending than any other. Although this hardness may be imparted in its full extent, it may 
nevertheless be lowered in any- assignable degree — that is, a portion of its brittleness maybe 
removed by the application of moderate heat, a greater portion by more hea,t, and so on, as the 
purposes may require. This is called tempering. If hard steel be brought to a red heat, and. 
then suffered to cool slowly, it will become as soft as if never hardened. This is called softening, 
and is distinguished from annealing, which is a similar process of slow cooling, but applied to steel, 
iron, or brass, merely to remove all mechanical condensation, whether by hammering or other- 
wise; for if metal has been altered in shape by the hammer or any other process, as much as it 
, will bear without breaking, then by annealing, it will be softened, and may again be altered in 
form as often as requisite. ISTow, as different degrees of heat remove different degrees of conden- 
sation received from the hammer, and a white heat removes all, it is of great importance to harden 
steel from the lowest possible degree of heat, in order to retain as much condensation as practica- 
ble ; and it is a fortunate coincidence, that the greater the condensation, the lower is the heat from 
which steel will harden, and the stronger and tougher it will be. But should this condensed 
metal be once overheated, it will then no longer harden from that lower degree, but only from a 
heat nearly approaching that to which it was originally raised. In this case, the condensation, 
with all its attendant advantages, can only be restored b}^ rehammering. The lowest heat at 
which steel will generally harden, is a dull or cherry-red, just visible in daylight; therefore, to be 
safe, the same test— that is, a dull, red heat, just perceptible in the dark, is chosen for the process 
of hammering; it offers, too, the advantage of coating the article with carbonaceous matter, 
thereby securing instead of losing by the action of the iire a due supply of carbon, which is of par- 
ticular consequence, Different modes of performing this part of the process may be adopted. 

A paper on the constitution of steel, recently read before the Manchester Society of Arts, by 
Mr. 0. Binks, presents facts which indicate a small quantity of nitrogen to be an essential element 
in addition to the carbon. Mr. Binks, in that paper, gave an account of some analyses made by 
himself, which proved that the best kinds of steel contain about one-fifth per cent of nitrogen, and 
the general results of his experiments tend to show that the substances which change pure iron 
into steel all contain nitrogen and carbon, or that nitrogen has access to the iron during the opera- 
tion. He concludes that steel is a triple alloy of iron, carbon, and nitrogen. With regard to im- 
provements in the present system of manufacture, he was of opinion that the most extensive use 
of cyanogen compounds, such as ferro-cyanide of potassium, was highly important, and he drew 
particular attention to the fact that these compounds might be economically formed in the ordi- 
nary operations of the blast furnace, so that these operations, properly conducted, might serve the 
double purpose of purifying the metal and converting it into steel. 
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We will liere remark, that it will be found adyantageons if tlie forge is prevented from coming 
under the influence of a strong light ; the fire should be deadened with fine coal, just kept alive 
by the use of the bellows, in order that the gas may not be allowed to take fire and produce a 
flame, while, as near as may be under existing circumstances, the anvil should join the flat bed of 
the forge. The bars of steel that may be undergoing this process, when placed in the partially 
kindled and half-burning fuel, and enveloped in its smoke, imbibe carbon to a certain extent ; 
this the heat proper for hammering is insufiicient to expel Next, they are successively trans- 
ferred to the anvil from the forge, and of course returned when cooled. In hammering, every 
part of the steel is subjected to tiie force of the hammer, which is moved very quickly. In repe- 
titions of this operation, which are as numerous as may be requisite, the position of the articles is 
somewhat altered, until they have undergone a good hammering on all sides. The art of discern- 
ing when the proposed end is arrived at, and the steel has acquired a sufiicient degree of conden- 
sation, can only be acquired by the experience of the workman, in enabling him to judge by the 
feel produced by the diminished effect of the hammer, and the detonation consequent upon the 
blow. The expansion of the metal is greatly diminished at a heat so low, as compared with the 
proportion of that quality under the influence of a higher temperature, yet it must not be forgot- 
ten that the expansion which is caused by the effect upon the outer portion, by the inner coating, 
unless it should be fastened in proper moulds or recesses, will be to such an extent as to destroy 
the value of the exterior band. The failure of steel, especially if it be subjected to very hard 
usage, it is apparent from what we have already said, may be attributed to two chief causes. 
First, the metal is liable to fracture, in consequence of the different degrees of tension arising from 
the brittleness of some parts, and the toughness of others. This arises from an unequal combina- 
tion of carbon with the iron, which is the case with all steel in a greater or less degree, until it is 
hammered in a proper manner. In the second place, (as it must be admitted,) however much 
steel may be hammered, workmen often leave it in a condition in which its several parts are vio- 
lently conflicting — some almost breaking with strains, and others compressed and girded. Bad 
and imperfect hammering is therefore a fruitful source of failure. 

When thoroughly hammered, the least temperature is requisite to produce the necessary de- 
gree of toughness ; it will lose all the condensation from the hammer previously acquired, if hard- 
ened at a temperature too high, and at the same time so large a proportion of strength as to destroy 
its tenacity— less strength, with equal hardness, produces the quality of brittleness. Therefore, to 
obtain a practical degree of toughness, steel thus incautiously treated needs more letting down by 
the process of tempering. Such tools do not stand long for any purpose, being much too soft and 
weak to be capable of turning iron or steel. To us, it appears reasonable to suppose that there is 
a certain degree of cold to which, in a given time, steel must be brought, to produce hardness ; there 
evidently is, also, a given degree, below which it will not harden, and that the metal is only weak- 
ened by any additional increase in heat ; while a diminution in heat only has the effect to harden 
a greater proportion of a large mass by cooling it within the time required. If steel is overcharged 
with carbon to any great extent, it will be found too brittle or harsh to be susceptible of all that 
improvement which otherwise is imparted by hammering; but, by choosing a sound quality of the 
most malleable steel, it will, if hammered at a heat so low that it will retain a coat of carbonaceous 
matter, imbibe the carbon in quantities so minute and so slowly during each hammering, that the 
workman will be enabled, so far as is compatible with sound hammering, to enforce the^ fullest 
charge. Beyond this limit, carbon must produce brittleness, when the steel will not receive any 
compression from the hammer, by which alone the quality of toughness is acquired ; but to the 
limit referred to, carbon undoubtedly improves the strength. As we should be under the neces- 
sity of resorting to extreme letting down in tempering to prevent breaking, it is plain that it would 
be useless to obtain hardness, if it is not accompanied by toughness ; yet many suppose that by 
coming up to this brittleness, the hardness is advantageously increased ; and consequently, in or- 
der that extreme hardness may be combined with toughness, dies, taps, and some tools^ used in 
turning, are allowed, while the tenacity of the interior metal remains unaltered, to imbibe a small 
quantity of carbon in addition on their surface, by being placed in red-hot carbonaceous naatter. 
Burnt leather is generally used for this purpose, and is said to be superior to wood charcoal in the 

3 
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celerity witli wMcli it imparts the carbon. " This " says the Dictionary of Arts and ManttfactttreSj 
'•^ is clearly a modification of case-hardening. Steel may alike be softened or entirely decarbon- 
ized. According to Dr. Ure, the common way to soften is to pnt it into an iron case, snrronnded 
with a paste made of lime, ox-gall, and a little nitre and w^ater, then to expose the case to a slow 
fire, which is gradually increased to a considerable heat and afterwards allowed to go ont, when 
the steel is found to be quite soft." It is stated that a celebrated English mechanic first decarbon- 
ized the metal, and then reimparted a proper portion of carbon by a process which resembled 
case-hardening. 

4 Steel, as is well known, is composed of iron and carbon. The latter substance becomes volatile 
under the influence of a high degree of heat. It is important to remember this in conducting the 
actual process of forging. When the carbon is volatilized from being too powerfully heated, steel 
assimilates itself to iron ; it loses its characteristic properties, and therefore it cannot be expected 
that tools constructed from it will possess either durability of edge or keenness. It is impossible 
to use too much precaution, more especially in working cast-steel, since it is a fact, that for the 
evil there is no reliable cure, although it is contended by some that steel which has been over- 
heated may be restored, and a few pretend to prefer steel so "restored" for use in cutting-tools. 
According to Holtzapffel, in his work on Mechanical Manipulation, cast-steel which has been in- 
jured in consequence of overheating, may be recovered to some extent, by four or five reheatings 
and quenchings in water, each being carried to an extent progressively a little less than the first 
excess, and lastly, the steel must have a good hammering at the ordinary red heat. But it is ob- 
viously doubtful whether hammering in any degree — evidently the leading requisite in this pro- 
cess — will restore the loss of tenacity. Notwithstanding, therefore, the additional expenditure of 
time and labor required, it cannot be enforced too strongly upon the understanding, that steel 
should be worked at the lowest possible temperature^ and with the fewest number of heats. 

It is a very difiicult matter to regulate the temperature, in a forge with a fire not covered, par- 
ticularly with articles either thin or small, and in this case much advantage, in acquiring and sus- 
taining the proper degree of heat, may be found in the use of a muffle, which prevents the steel 
from coming in immediate contact with the coal, as in the common forge fire. Muffles may be 
constructed of cast-iron or of earthenware, which are, however, liable to crack or open, and it is 
said that an old gun-barrel, with one end closed, may be advantageously used for this purpose. 
In consequence of the well-known fact that bituminous coal emits a sulphurous gas during com- 
bustion, which is extremely prejudicial to steel, coke and cinders are used to a great extent in our 
best foundries both for hardening and forging ; we believe, however, pit coal is most generally in 
use, although the Sheffield workmen prefer coke, both for hardening and forging. 

The process of hardening and tempering steel involves the consideration of three important 
points. We shall take them up in their order. 

I. How the requisite degree of heat may he communicated, 
11. How the heat may he abstracted with rapidity, 
III. How a reduced or partial heat^ for the pmpose of tempering or letting doivn^ may he applied, 

I. How the reguisite degree of heat may he communicated. 

All articles that are either too small to be exposed conveniently to the naked fire, or are too 
large to be heated by the blow-pipe, and in all cases, in fact, where it may be desired to harden 
tools of more than ordinary length, some protective contrivance is considered prudent, in order to 
diffuse, uniformly and correctly, the temperature required. A safe and easy apparatus is afforded 
by a sheet-iron box or an iron tube. Medium sized drills may be heated in the flame of the blow^ 
pipe, directed a little below the point, and very obliquely. Watchmakers' tools, and small tools of 
that description, are occasionally supported upon charcoal, but are generally heated in the blue part 
of the flame of a candle. To obtain a perfectly uniform temperature in hardening such articles as 
gravers for artists, and other delicate instruments of a long and thin description, there have been 
BUggested a great variety of methods, An effectual yet simple plan by which the difficulty encoun- 
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tered in communicating a uniform temperature to many articles in a fire of ordinary cliaracter, 
may be avoided, consists of a bath of molten lead, wbicb. shall contain little or no admixture of 
tin, heated to a moderate redness and well stirred ; the steel is plunged into this for a few mo- 
ments, and when brought near to the surface, that part does not appear less luminous than the 
rest ; — ^the steel is then stirred rapidly in the bath, quickly drawn out, and thrust into a large 
quantity of water. A plate of steel may be so hardened in this manner as to be quite brittle and 
at the same time be very sonorous. We doubt whether similar results could be accomplished by 
any other means. The use of melted metal, whose point of fusion is a trifle below the proper 
degree of heat, has been approved to some extent, and it is admitted that the result will prove 
quite satisfactory, if the melted metal be of sufficient quantity, and the temperature accurately 
designated by a pyrometer. For the same purpose, pans of charcoal dust, heated to redness, are 
sometimes brought in requisition. 

It is of the first importance that all the parts requiring to be hardened, should receive a uniform 
temperature, whatever method be adopted, and this can only be insured by subjecting all parts 
equally to the action of the fire, by moving the article continuously to and fro. A large propor- 
tion of tools in general use are heated in the fire of a common forge, which ought to consist of 
charcoal, cinders, or coke. Sometimes, hollow fires are made use of; but the blast from the bel- 
lows should in all cases be applied to a very limited extent, principally to aid in getting the fire 
up and ready for the introduction of the Avork, which requires sufficient time to " soak," as it is 
technically termed — that is to get hot. It will be found better to err on the side of deficiency 
rather than excess of heat, and a safe rule is, to harden little if any above the state which the 
tempering is designed to produce ; a definite point will depend to some extent on the quality of 
the steel, and will be found extremely difficult to determine. This point involves, it will be seen, 
considerations as to the quality of the steel, and a suitable heat. We find, in Gill's Technical Re- 
pository, some valuable suggestions concerning these considerations, the substance of which we 
here present ; it is not an ordinary occurrence to find two bars of the best cast-steel of similar 
quality. It is desirable that some method or proof should therefore be adopted, by which the 
workman may be enabled to assort the bars, as they respectively indicate their qualities during 
the process. For however dissimilar, relatively considered, any number of bars may be, it is prob- 
able that every part of a bar of cast-steel will be of the same quality ^.s that portion which was 
subjected to proof The process of proof is thus described in the work we have alluded to : the 
bar must be heated carefully at one end, and drawn down to dimensions suitable for bending ; 
then heated to the proper degree for hardening; quenched, leaving the thick portion. of the bar 
still hot ; blazed off to sj)ring temper, and again quenched. Then about half an inch of the hard- 
ened ajid tempered portion of the bar is firmly screwed in a horizontal position, in a strong vice ; 
the bar is then used as a lever and moved in any direction, bending the steel. If it snap sud^ 
denly, it is evidence of liardness ; if it endure bending a quarter of a circle, breaking then qui- 
etly, a mild or middling quality is indicated ; and softness suitable for springs is shovrn^ when it 
bends a full semicircle, and then separates like lead. 

Cast-steel should never be heated above cherry-red, visible in daylight. But with regard to 
heat, an exact limit cannot be defined. There is in other qualities, such irregulpity in purity,^ 
and they are so unequally carbonized, that a degree of heat will be found inadequate in one, which 
will readily bring out the required hardness in another. The only mode of determining, then, this 
point, is by experiments, commencing at a heat certain to be below that required, gradually im 
creased until the exact heat is ascertained, which, when once known, shoiild be ca:|^efully noted. 
With many it is a favorite theory, that by heating pieces of steel to diflferent degrees of heat, be- 
fore plunging them into the water, the one heat attains full hardness, the next the teinper of a tool 
fit for metal, another of a tool fit for wood, and the fourth for a spring, and so on ; that, in fact, 
the different degrees of heat suitable for tools of various kinds, may be ascertained with a suffi- 
cient degree of exactness for all practical purposes, without resorting to the ulterior process of 
tempering. A celebrated mechanic of Great Britain, in making the cutters or dividing points for 
his dividing engine, hardened the end of a larger piece of steel than was required, and sharpened 
the point upon a grindstone, exactly at that point where the temper suited, without tLe steel bcr 
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iiig let down at all. This experiment in a measure sustains tlie view last stated. It was more 
elaborately put in practice by another celebrated workman, wliose method was, to carefully heat 
the point, and quench it after shaping the tool and condensing it by hammering ; then he made 
a trial by filing, with the edge of a file, along from the soft and unhardened part to that part 
where it became hard, when the cutting edge was formed by grinding and whetting that particu^* 
lar part to shape. The tool thus did not require tempering in the usual manner, and the maker 
was assured that its quality was the best that could be produced from the steel employed. 

But the skill required and the time employed are serious drawbacks to the adoption of harden- 
ing without tempering, and to the working mechanic it is not available, except in a few instances 
— so few, indeed, that it is practically of very little value. 

After loeing hardened, some tools require tempering ; others do not. Among the latter are 
many tools for metal which are left of the full hardness, for greater durability, and are used with 
a uniform and quiet pressure ; while the former class includes tools which are liable to be exposed 
to violent strains or blows, such as hatchets, screw-taps^ cold chisels^ etc* Another consideration 
• — ^namely, the quality of the steel, must not be forgotten ; for cast-steel let down to a straw-color 
is softened nearly as much as other kinds of steel let down to a purple or a blue. If a tool will 
stand without tempering, so much the better^ — and this may be stated as a general rule ; but in 
the first instance the ignition must be carefully regulated ; that degree of heat which is just sufii- 
cient to effect the purpose, produces the most useful hardness; and it is clear that we must have 
recourse to tempering if we once pass the precise limit. 

We conclude this point of our remarks, with again enjoining prudence, in regard to heat. It 
must always be remembered that steel, which has been overheated or burned, suffers injury by 
the pores of the metal becoming open and expanded, the fineness of its texture being destroyed, 
(^in which state it is quite incapable of sustaining a cutting edge,) and it is superficially injured by 
its surface becoming covered with scales. Any attempt to remedy the injury done by overheat- 
ing, by the process termed letting down, is simply the introduction of one error to overcome the 
results of another. As we have before remarked, the lowest possible heat at which steel can be 
hardened, is unquestionably the best ; and in reference to the opinion that if steel be overheated 
previous to immersion, an extra amount of heat is necessary to reduce it to the degree of hardness 
requisite to produce a good cutting edge, we repeat that the properties of which steel has been 
deprived by being overheated, cannot be restored by any degree of temper which may be imparted 
to it. 

II. Tlie means o^ ra;pidly ahstracting the Tieat, 

The process of hardening is necessarily completed with the rapid extraction of the heat by the 
employment of some cooling medium. Simple water at a temperature of 40 deg. Fahrenheit is re- 
commended by Mr. Stodart, but water in various states, currents of cold air, flat metallic surfaces, 
immersion in oil or wax, freezing mixtures, and mercury, have been resorted tOj with a success pro- 
portionate to the power of conducting heat respectively possessed by them. Mercury, it is gene- 
rally conceded, imparts the greatest degree of hardness ; salt or acidified water ranks next ; simple 
water next, and lastly, oily substances. The superiority of mercury is doubtless owing not only 
to its strong conducting power, but to the fact that it produces no steam, which, Avhere water is 
used, prevents the metal coming in close contact with the water. The superiority of salt water 
over pure water is supposed to be attributable to its greater density ; but it has the disadvantage 
of imparting to the metal a tendency to rust. This, however, may be corrected by the addition 
of some neutralizing agent, lime water, for example. 

Files are hardened by methods peculiar to the manufacturers, which have never been fully 
divulged. One process is said to be through a medium composed of water saturated with salt, 
with a small quantity of white arsenic added, and that an extraordinary degree of hardness is con- 
tributed by a limited proportion of the arsenic entering into combination with the steel. A cele- 
brated file of Parisian manufacture, said to be of unrivalled hardness, is supposed by a writer in 
Grill's Technical Repository, "to receive its hardness from the following composition: 
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Mutton suet^ noi renderedj l:)ut choip-p^d. Bm.dl\ , , 2 lbs. 

Hog's lard, . . . , , , , 2 lbs, 

WMte arsenic in powder^ , , , . . 2 oz. 

These ingredients being put into an iron vessel, witb a cover fitted to it, mtist be boiled tintil 
^11 moisture is driven off. It is advisable to perforna tliis operation, as well as tliat of quencMng 
any article in it, under the hood of s> smith's forge, in order to avoid the noxious arsenical fumes 
which are disengaged. In using this compound^ it must be first melted, and any thin article may be 
placed upon a red-hot plate of iron to receive the proper heat, and then immersed in the liquor." 
Water that has been in constant use for the purpose for a number of years, is preferred by 
many workmen, provided it be free from grease. It is advisable, when the steel is hard, to take 
the chill off plain water, as a means of lessening the risk of cracking, A reduced yet sufficient 
degree of hardness is imparted to springs and other thin articles, and with less risk of crackings 
by the use of oily mixtures, and a thin film of oil is spread over the water in some cases, as an 
expedient to reduce the suddenness and to assuage the effect of the transition from heat to cold. 
A contrivance was invented by a late engineer to the Bank of England, for the purpose of harden- 
ing the rollers used in transferring the impressions of bank-notes to steel plates. He caused a 
vessel to be made with a tru€ and false bottom — ^the latter perforated with holes. A copious 
supply of water was admitted beneath the partition or false bottom, which ascended through the 
holes and escaped at the top, carrying off that portion which becomes heated by use. It is denom- 
inated, with reference to the principle upon which the water is admitted and escapes, the natural 
spring, Mr. Adam Eckfeldt employed a somewhat analogous process in hardening steel dies, 
in the upper part of the building, forty or fifty feet above the apartment in which the hardening 
process was performed, a vessel holding about three hogsheads of water was placed, from which 
the water was conducted through a pipe, and directed in a jet to the centre of the heated die by 
means of nozzles of different sizes. 

Some mechanics are accustomed to use a thin layer of loam moistened with water, as a coat- 
ing for light steel articles while in the process of hardening. It is applied by dipping the articles 
into^ the coating substance and gradually drying them before the fire ; and it is said to prevent the 
scaling or oxidizing of the steel. Provided it be cooled with the requisite celerity, steel may be 
hardened when covered as well as when the surface is exposed, and in the use of the loam there 
is no difficulty, because the covering is removed the moment the article is plunged into water. 
And delicate articles are sometimes inclosed in a perfectly air-tight metal box, and subjected to 
the heat of the fire and the cold of the water without being brought in direct contact with either. 
The adjoining parts of a piece of machinery are required, in some cases, to be hard and soft re- 
spectively ; and lampblack, from its slow conducting power, has been found a useful agent, during 
the process of hardening one portion, in protecting the other from the absorption of heat. The 
Engineers' and Mechanics' Assistant gives the following example : " Suppose we wish to harden 
the neck of a lathe mandrel, but not the outside screw, lest it should break when roughly used ; 
this may be done by means of an iron tube, fitted a little way on the neck of the mandrel, and 
ramming the intervening space between the screw and the inner surface of the tube full of lamp 
blacky so as completely to envelop the screw; the orifice of the iron tube or case must then be 
closed with a metal plug ; the mandrel being hardened in the usual way, the exposed parts will 
be hard, and the protected portions will be soft." " . 

Holtzapffel's Mechanical Manipulation remarks (vol. i. p. 244) upon the difficulties, dangers, and 
uncertainties which attended the process of hardening, arising principally from the suddenness of 
the change from heat to cold, which sometimes causes the work to cracky and often to twist or be^ 
come otherwise distorted. The danger of the former calamity, it is remarked, ^^ is much increased 
with thick massive pieces, which appear to be hardened in layers, or, at all events, the outer crust 
may be perfectly hard, while the inner portions are less and less hard, as they approach the cen- 
tre, which in many instances is found to be so soft as to yield easily to the file. The most rational 
explanation of this fact is, that the steel under the influence of heat becomes expanded, but when 
plunged in water, the outer crust is made to contract from the abstraction of the heat ; but tlii^ 
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loss of heat goes on less rapidly at tlie centre than at the exterior parts, whence it may be assumed 
that the inner bulk continues to contract after the outer case is fixed, and thus tends to tear the 
two asunder, the more readily if there happen to be any flaw or defect in the steel itself. Nor 
is it by any means unusual to find an external flake shell off in hardening ; and it sometimes hap- 
pens, that work which is apparently sound when removed from the water, will eventually give 
way, perhaps after the lapse of some hours, to the unequal tension of the hardening process, and 
crack with a loud report. As regards both cracks and distortions, their avoidance depends^ gener- 
ally speaking, upon the maniptilation^ or the successful management of each step; first, the orig- 
inal manufacture of the steel, its being forged and wrought so that it may be equally condensed 
on all sides with the hammer; otherwise, when the cohesion of the matter is lessened, from its be- 
coming red-hot, it recovers in part from any unequal state of density in which it may have been 
placed. 

It must not be forgotten, we may add, that steel is in its weakest condition, and consequently, 
liable to injury from two causes, when at a red-heat; namely, from becoming cooled irregularly, 
and from careless handling. The safest practice, it is therefore considered, is, to plunge articles 
vertically, as preferable to immersion obliquely or sideways in the water ; in the former case all 
parts are similarly exposed to equal circumstances, and there is less risk of their disturbance; But 
at the same time, different treatment is required by some articles — ^for instance, swords, and imple- 
ments of similar form — ^which it is found preferable to dip exactly as in making a downward 
stroke with a sabre ; but this point does not properly belong to the present inquiry. 

We conclude this branch of our subject, with an extract from the Engineers' Assistant. ^^In 
all caseSj the thick, unequal scale left from the forge should be removed. The vicious and most 
defective process of hardening direct from the anvil cannot be too strongly deprecated, since it 
must, we apprehend, be sufficiently obvious to any person who will take the trouble to disabuse 
his mind of an old custom which has nothing but antiquity to recommend it, that steel hardened 
with the scale adhering to its surface must naturally receive a very imperfect impression either of 
heat or cold, because this scale, which is produced by the act of forging, varies in thickness ac- 
cording to the degree of heat employed in forging ; it is also a bad conductor of heat ; conse- 
quently, the sudden transition from heat to cold, on which the success of the operation depends, is' 
not uniform in respect to time, the results of which are shown by one piece of steel being hard, 
while another is scai'cely hardened at all, owing to the resistance presented by the scale to the 
cold temperature of the water. Hence, when such articles are drawn down^ scarcely hixj two out 
of a large number will be found alike in temper, a fact which can scarcely have escaped the obser- 
vation of any one in the habit of using edge-tools. As a means of avoiding this slovenly and very 
imperfect mode of hardening, all tha,t is requisite is, to pass the metal from the anvil to the grind- 
stone, a slight application of which will remove the whole of the scale or coating, and render the 
steel fit for the operation of hardening, with an accuracy which cannot otherwise be obtained ; 
for it is undoubted that steel thus cleansed, heats in the fi.re with great regularity, and is equally 
sensible to the immediate action of the water on its body, when immersed so as to .receive a similar 
degree of hardness from one extremity to the other." 

IIL Tempering or letting down^ hy means of a partial m^ redticed lieat. 

There are two modes of hardening steel, in common practice ; but before describing them it may 
be remarked, generally, that it is a fact, singular as it may appear, that the means usually em- 
ployed in hardening steel,, should be applied in the process of softening. We have never seen a 
satisfactory solution of the problem,^ why a certain temper is imparted through a certain temper- 
ature. The tempering or reduced hardness is given by exposing the metal to a particular 
temperature, which, for the reason named, cannot be determined by any well-defined principle, 
but which must be chosen and tested by the workman from such indications as his own expe- 
rience may have pointed out. One mode of tempeidng is termed hlaziiig^ from the use of oil or 
tallow, which takes fire. The article is first smeared with one of these substances, and then held 
over the fire until a thick smoke rises, which is supposed to. indicate a temper equivalent to 
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450 deg. Fahrenlieit : wten the oil or tallow takes fire, a still lower temper is given. This method 
of drawing down or lowering the temper is used exclusively in some branches of hardware manu- 
facture, and finds a very general application ; but from the fact that no accurate means is afforded 
by it for estimating the effect produced on hard steel of different and varying quality, by certain 
degrees of heat, it is regarded as very defective and indefinite. Another and convenient mode, 
{based upon the same general principle,) of tempering a number of articles, and heating them 
uniformly, even if irregular in their shape, all at the same time, is, by placing them, covered with 
oil or tallow, in a vessel of proper shape and dimensions. This vessel being put over the fire, the 
following are the indications for determining the temper : a similar temper to that called a straw- 
color, is denoted when the oil or tallow first begins to smoke ; it will equal a golden brown, when 
^moke of a darker color becomes more abundant; a temper equivalent to a purple is shown 
when the tallow throws off a heavy black smoke ; a blue is indicated when the oil or tallow be- 
comes so hot that it will take fire on a candle or lamp being brought in conjunction with it, and 
yet is not hot enough to continue to burn after the lamp is withdrawn ; and the temper generally 
selected by clockmakers for their work, is imparted if the tallow be allowed to burn dry, or en- 
tirely burn away, A trifling degree of heat beyond this point, which is equivalent to the lowest 
grade of red heat^ would just be visible in a dark place, consequently a further supply of oil or 
tallow would have no beneficial effect. 

That the color produced on the surface of steel, says Brande, is the effect of oxidation, is 
proved from the circumstance, that when steel is heated and suffered to cool under mercury or oil, 
none of the colors appear, nor do they when it is heated in nitrogen or oxygen ; therefore it is, 
that the second method we have to present under this head, has reference to the color or film of 
oxide, which is developed by the application of heat, on the bright surface of hardened steei 
By this criterion, the workman is enabled to judge, with a near approach to correctness, of the 
intermediate grades of steel, between the two degrees of hard and soft ; and for all practical 
purposes it is regarded as the most direct and simplest. But if the nicest accuracy is required, resort 
must be had to the bath, which may be of mercury or of any fluid whose boiling point is not 
less than 600 deg., and the thermometer. The articles to be tempered must be put together into 
the bath, with the bulb of a thermometer graduated to near the boiling point of mercury. The 
temperature at which the different colors make their appearance upon hardened steel, has been 
the subject of many experiments; we subjoin the results arrived at, some years ago, by Mr. 
Stodart 



1. Very j)ale straw yellow, 

2. A shade of darker yellow, 

3. Darker straw yellow, 

4. Still darker straw yellow, 

5. A brown yellow, . 

6. A yellow, slightly tinged with purple, 
'7. A light pui'ple, 

8. A dark purple, 

9. Dark blue, . 

10. Paler blue, . 

11. Still paler blue, 

12. Still paler blue, with a tinge of green, 
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Tools for metal. 

Tools for wood screw- 
taps, &c. 

Hatchets, chipping- 
chisels, and other per^ 
cussive tools, saws, etc. 

Springs. 

Too soft for the above 
purposes. 



At 480 deg. the tint is so faint that it cannot be discerned, except by comparison with a piece 
of polished steel, that has not been tempered. The French nomenclature of colors differs in some 
respects from Mr. Stodart's arrangement. The following shades are specified in the " Dictionnaire 
Technologiqtce ;" first, yellow, which also has three distinct shades — straw-color, canary-color, and 
lemon-color; second, orange; third, red; fourth, violet; fifth, blue; sixth, grey. When steel 
arrives at this last color, however little the heat may be increased, it returns to its first state ; that 
is, as it was before being hardened and tempered. It must be remembered, too, tliat the tempering 
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colors differ slightly witli tlie various colors of steely and also that tlie intermediate shades pro 
dnced on steel by heat between 500 deg. and 580 deg,, are frequently exhibited irregularly on 
different parts of the surface. " As I had/' observed Mr, Kicholson, " noticed this irregularityj, 
particularly on the surface of a razor of wootz, and had found in my own experience that the 
colors on different kinds of steel do not correspond with like degrees of temper, and probably of 
temperature ; and in their production, I was desirous that some experiments might be made upon 
it by Mr. Stodart. Four beautiful polished blades were therefore exposed to heat in a bath of 
fusible metaL The first was taken up when it had acquired the fine yellow, or uniform deep straw- 
color ; the second remained till the part nearest the stem had become purplish, at which period 
a number of small round spots of a purplish color appeared in the clear yellow of the blade. 
The third was left till the thicker part of the blade was of a deep ruddy purple, but the concave 
face still continued yellow. This also acquired spots like the other, and a slight cloudiness. These 
three blades were of cast-steel ; the fourth, which was made out of a piece called styran steel, was 
left in the bath till the red tinge had pervaded almost the whole of its concave face. Two or 
three spots appeared upon this blade, but the greater part of its surface was variegated with blue 
clouds, disposed in such a manner as to produce those waving lines, which in Damascus steel are 
called the water. Two results are more immediately suggested by these facts : first, that the 
irregular production of a deep color upon the surface of brightened steel, may serve to indicate a 
want of uniformity in its composition; and secondly, that the deep color, being observed to come 
on first at the thickest part, Mr. Stodart was disposed to think its more speedy appearance was 
owing to those parts not having been hardened." 

It follows, therefore, it being thus known at what degrees of heat the several colors are pro- 
duced, that the only remaining requisite is, that the bath be heated to the proper point ; the heat 
being equally applied, the workman has but to note the indications of the thermometer, without 
attending to the colors. The advantages of this process are obvious ; although according to 
Brande's Manual, it is highly probable that, for many uses, steel may be sufiiciently tempered in a 
range so extensive as 212 deg.to4S0 deg.; and it is quite true, that by some comparatively recent 
experiments, it is proved that steel, for certain uses,, is sufficiently tempered long before it is heated 
to produce any change of color, thus promising to give additional value to this, process by a ther- 
mometer. A knife edge attached to the pendulum described by Captain Katen, in Philadelphia 
Transactions, 1818, p. 38, was forged by Mr. Stodart from a piece of fine wootz. It was 
carefully hardened and tempered in a bath at 430''. On trial,^ it was found too soft. It 
was a second time hardened and heated to 212*^. The intention was to increase the heat from 
that point, trying the temper at the advance of about every ten degrees. In the present instance 
this was not necessary. The heat of boiling water proving to be the exact point at which the 
knife edge was admirably tempered. 

A process introduced by Mr. David Hartley must take precedence of the above in point of time 
and was undoubtedly an important step — ^perhaps the first — towards improvement, whether as re- 
gards dispatch or precision,, on the basis of color. This process was,^ to prepare a bath of oil heated 
to a regular temperature, measured by a thermometer, and immerse the articles of hardened steel 
therein. Respecting this process, the Mechanics' Assistant remarks, that it is " evident that a bath 
of any of the soft metals, whose fusible points are just above that required for tempering, may be 
used instead of oil, and alloys of those metals might be so proportioned as to obtain points of 
fusion at the exact degree of heat required. In these cases, however, to guard against oxidation^ 
it would be advisable to keep the fluid metal covered with grease. Oil is preferable to the fusible 
mixture for several reasons. It is cheaper, and admits of work being seen during the immersion, 
by reason of its transparency." 
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Appeoved Eecipes for Haedenhstg- Steel. 

We give lierewitli a few additional examples for tlie hardening of steel, wliicli are practised at 
some of the largest iron works, for the purpose of refining the steel for tools, to be nsed upon the 
very hardest cast-iron— a purpose for which the best English steel, hardened in the usual manner, 
is not suitable. Those examples have been successfully applied to English or Huntmen's steel. 

]sro. I. 
For refining and hardening of English steel of superior quality, take 

Pitch, . . . . . . . 2 lbs. 

Whale-oil, lib. 

Tallow, . . ... . . 4 lb. 

The pitch is to be pulverized, sifted, and slowly heated. The tallow must be molten so that the 
mixture will form a semi-liquid, in which the steel is hardened in the usual manner. If besides 
this, the steel is subjected to a second hardening, in No. III., the hardening becomes still more perfect. 

NO. n. 

Tools for turning or chipping the hardest kind of cast-iron, such as rollers for rolling-mills; 
or for chipping hard iron. Take 

Sal-ammoniac, . . . . . . 1 oz. 

Borax, . . ... . . ^ lb. 

Water, . ... . . . . 2i pts. 

The sal-ammoniac and borax must be pulverized and mixed with the water. Then the steel is 
hardened in this mixture, which is suitable for English steel. 

]sro. III. 

Tools for turning lathes or other purposes, which were hardened in mixture No. I., and are 
hardened a second time in this preparation, receive still greater hardness. Take 



Sal-ammoniac, 
Tartaric acid. 
Water, 
Eed wine. 



lib. 

4qts. 
1 pt. 



The sal-ammoniac and tartaric acid must be pulverized and mixed with the water and wine. Tht 
steel is hardened in this in the usual manner. This mixture is particularly good for boring and 
turning tools. 



KO. IV. 



For hardening turning-tools, for turning hard rollers for rolling-mills, on which steel hardened 
in cold water would not cut ; take 

Tallow suet, . . . . . . . 1 lb. 

Black rosin, . . . . . . . | lb. 

Sal-ammoniac, ^ , . . , . . i lb. 

Prussiate of potash . . . . . |- lb. 

The prussiate of potash and sal-ammoniac must be pulverized, and then mixed with the tallow 
suet and black rosin, which is previously slowly melted on a fire — the whole forming a semi-liquid, 
and the steel hardened as usual. 

The above recipes may be prepared in larger or smaller quantities, but the proportions of the 
ingredients must be the same. 



2G 
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V. 

Preparation to restore overheated steel to the same quality as before, and at the same time, to 
make its hardness of long dm^ation. Take 

Tallow, ^ . . . . . • . . 1 lb. 

Sal-ammoniac, 
Prnssiate of potash 
Black rosin, 



then vessel till 



fib. 

ilb. 
1 



Pepper, 

Shaving powder, 
The tallow and black rosin are molten in a stone or ear 
other ingredients are pnlverized and mixed with the liquid. Heating the steel twice or thrice and 
cooling it in this preparation, will give to it a superior and durable hardness, 
This preparation is recommended for all kinds of steel. 



_ lb. 
1 oz. 
1 oz. 
they form a liquid ; the 



,2 oz. 



Recipes foe Welding- Cast-steel with WROuanT Iron. 
Borax, ....... 

Sal-ammoniac, . , . . . . I- oz. 

Spirits of wine . . . . . . 90 drops. 

Boil them together in a close iron vessel until the composition is red-hot; then pour the mix- 
ture out so as to cool quickly, and pulverize it. The parts to be welded are then to be well 
dressed and heated to a red heat; sprinkled with this powder and subjected to a strong red heat, 
by heavy blows^ they can be welded together. Instruments of pieces of wrought iron, which, 
on account of their scant dimensions, cannot stand a regular welding heat, may be welded in the 
same way. 

Consequently, to harden the steel to make it tough, take 

White arsenic, ...... 1 oz. 

Litmus (or azure stone) blue stone, . . . . 1 oz. 

Vinegar, . . . . « . . -2 qts. 

Mix them well together, and keep it in a covered vessel. The cast-steel heated as usual, is cooled 
in this mixture. Pieces which in cooling are apt to warp, are, after being made slightly red-hot, 
sprinkled with tartar, then heated again, and cooled in the above mixture. 



Cement for coNNECTma Cast-iron Pipes or Tubes, which will remain perfectly Air-tight. 

10 Ite. 
1 lb. 



I: lb. 



Cast-iron filings, or turnings, (dust,) 

Pulverized sal-ammoniac, . . . 

Pulverized, sulphur. 

Mix them most thoroughly ; take of the whole a quantity sufficient for cementing two or three 
joints in a separate vessel, and add water slowly while continually stirring it with a wooden spoon, 
the mixture thus will become heated and begins to make steam. Within half an hour from this 
the filings, sal-ammoniac, and sulphur, will be completely dissolved, and the mixture appear like a 
fine dough. In this state the mixture is applied to both parts of the joints, about half an inch 
thick, and the joints then screwed together. Twenty-four hours after this the cement is so hard 
as to be water and air tight, and when heated red-hot, will be as substantial as the cast-iron itself, 
and last equally as well as cast-iron constantly exposed to a red heja.t. 

All the recipes for hardening steel, and others given, have been practically tested and proved to 
be of great importance for the practical machinist, as it will save him not only time in fixing his 
tools, but he can perform more and better work. To make steel of a very superior hardness, and 
at the same time very tough, is, it is perhaps needless to say, a most valuable acquisition to any 
workman, and, therefore, we have no hesitation in demanding more attention to this subject than 
has hitherto been paid to it. 



SINGLE OSGILLATINa ENGINE 



OF THE STEAMSHIP KNOXYILLE, 



BUILT BY STILLMAN, ABBEN ANB COMPANY, 

At the Novelty Iron Works, New York. 



The Steamship Knoxville was built for Samuel Mitchell's Savannah and New York Steamship 
Line. Her engine and boilers were built at the Novelty Works, Stillman, Allen & Co., proprietors ; 
the hull by W. H. Webb. 

The following are her dimensions : Feet. Indies. 

Length on deck, . , . o • . , 220 8 

Breadth of beam, . . • e , . . 35 4 

Depth of hold, . . . • . . . 21 1 

Tonnage, ....... tons 1262 

Average draft of water, . . . . . . 13 

She is provided with an oscillating engine, of the following dimensions : 

Diameter of cylinder, . . . . . . ^1 

Length of stroke, . . . . . . . 8 

Diameter of air-pumps, ... .. , 310 

Length of stroke, . . , . . . .38 

Diameter of force-pumps, . . . . . . 11 

Length of stroke, . . . . . ... 2 5 

Diameter of paddle wheels, .... . . 32 

Length of paddles, . . . . . . . 9 10 

Depth of paddles, . . . . . . . 18 

Number of paddles in each wheel . . . . .28 

Average dip of wheel, . . . . . . 6 6 

" Number of revolutions per minute, . . . 15 

" Pressure of steam in steam boilers,. per square inch, lbs. 25 

Cutting off at . . . . . . . 4 6 

She is provided with two iron boilers, each 30 feet long, and 11 feet 6 inches in diameter. 
Whole amount of fire surface in each boiler, . . . 2816 square feet. 

" " Plue surface, . .... 2000 '' 

" " Grate " 89 11 " 

Capacity of cylinder, . , . . . .367 cubic feet. 
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Eatio of fire surface to a cubic foot of cylinder, 

" " " Grate surface, 

Area of upper (or) return flues for one boiler, 

" Lower flues, for one boiler, . 

" Cliimney, . . 

Consumption of coal per hour, . . , 

Water evaporated by 1 lb. of coal, . 
Coal per hour to a square foot of grate. 
Cubic feet in steam boilers to 1 cubic foot of cylinder, 



151 to 1. 




63tV to 1. 




1995 inclies. 




2288 inclies. 




4266 square 


inclies 


Ig tons. 




6i lbs. 




40i lbs. 





18 to 1. 



GENEEAL DESCEIPTION. 



The Knoxville^ for which the engine represented in the accompanying engraving was constructed, 
is a very superior vessel, of great speed. She has made the run between New York and Savannah 
in fifty-four hours, which is the shortest time recorded, and this, with the regularity of her trips, 
proves her to be a steamship of no ordinary qualities. 

Her speed may not only be attributed to the superior design and workmanship of her machinery, 
which is visible in all its parts, but to many valuable improvements which have attracted our at- 
tention, and which will be found represented in our large, correct, and detailed engravings, showing 
minutely, the nicest mechanical combinations and arrangements applicable to marine engines- 
Prominent among these is the arrangement by which the steam and exhaust chests on the cylinder 
A^ are separated from each other, as shown in Plate V., which represents a longitudinal view of 
the engine, and a sectional view of the boilers. The steam and exhaust chests A^ A^ and A^ A^^ 
are cast solid to the cylinder A. It will be seen that the exhaust chests are constructed consider- 
ably larger than usual in proportion to the steam chests. This, it must be perceptible by all 
who are concerned in the application of steam, is a great advantage, from two considerations. 
First, it overcomes the difficulty which arises from the partial condensation of the steam which 
passes through the steam chest into the cylinder ; and second, by further increasing the surface 
of the exhaust valves and chests, it facilitates a quick exhaust of the steam which passes to the 
condenser P. 

The arrangement of the valve motion is a very ingenious and simple piece of mechanism, which 
performs all the movements with great perfection. Connected with it are such appliances, that the 
engineer, by simply turning a screw, may cut off the steam in the cylinder at any point in the 
stroke, while the engine is in motion. It is called the variable cut off motion. 

The steam cylinder is provided with safety valves, both in the cover and bottom, the construc- 
tion and intent of which will be fully explained below. 

We take a special pleasure in presenting to our readers the full drawings and details of this 
engine. It is one of the latest, and is generally acknowledged among engineers, as one of the best 
specimens of American marine engineering. Without any unusual ornamental portions, it is 
in the highest degree neat and elegant in design, and has proved itself capable of the very highest 
degree of efficiency. The method of working the air-pump by means of a lever suspended over- 
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head, and connected by a link to the head of the piston rod, is free from many of the objections 
urged against many other methods of operating this important adjunct. Beam engines present great 
facilities for procuring every possible variety of reciprocal motion for pumps of less stroke than 
the piston, as the various feed-pumps, bilge-pumps, and air-pumps are very conveniently attached 
to the beam at any point from the centre, outward, and each, consequently, is moved with a length 
of stroke proportional to such position. It is common to give the air-pump about one-half the 
throw of the main steam piston, an end which is accomplished in this engine by constructing the 
light but strongly trussed lever represented, connecting it at one extremity directly to the crank, 
or rather to the head of the piston rod, and attaching the other extremity to a fixed point, while the 
air-pump rods are secured at or near the centre. The common methods of working air-pumps when 
not analogous to this, may be generally comprised under one of three classes, — either the motion 
is derived from the oscillating of the cylinder, or from a crank, or large eccentric in the main 
water wheel shaft, (or in the centre shaft when double engines are employed;) or the air-pump is 
worked by a separate engine independently. 

The framing of the Knoxville has been very justly admired. In comparison with the mammoth 
castings employed in the framing of English engines, the frames of all American marine engines 
are extremely light, strong, and graceful. In nearly every instance the pillow-blocks are of cast- 
iron, and the supports thereof are stout wrought-iron rods, nicely finished. The pillow-blocks 
of the Knoxville employ but four such supports, two on each side, inclined at a considerable 
angle as represented, so that the wrenching and diagonal strains thrown on the pillow-blocks in 
the powerful revolution of the crank, are all received in the most direct and easy manner, by these 
substantial fixtures, and thus transmitted directly to the bed-plate. The boilers are at just a sufficient 
distance from the engine to prevent crowding, and in all the details, whether large or small, a high 
degree of skill and of scientific proportioning is exhibited. Many engineers have been particularly 
anxious to secure drawings of this particular engine, and we shall endeavor, both in the en- 
gravings and description, to give the fullest and clearest exposition of her construction, which is 
consistent with the limits of our work. 



DETAILED DESCRIPTION. 
Plate V. 

A is the main steam cylinder. A^ is the water-wheel shaft, by which the wheels are revolved. 
A^ A^ are the upper and lower steam chests, enclosing the balance puppet valves, through which, 
at the proper time, steam is admitted, -or shut off from the cylinder. A'^A'^ are upper and lower 
exhaust chests, in which are enclosed the balance puppet exhaust valves, which, when open, allow 
the steam to escape into the condenser P, 

B is the steam pipe through which the fresh steam is received from the boiler. B^ simply 
represents prolongations of the same. The passage of steam through this is regulated by the 
stopcock or screw valve B and B^. 

(7 is the pipe through which the steam escapes to the cordenser. 
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{7^ is a broad flange on the end of tlie exhaust pipe, to allow it to be bolted to the pillow-block 
at the points represented. 

6^^ is simply a kind of pedestal to support the weight of the exhaust pi23e. It is bolted upon 
the top of the bed-plate D. 

D is the bed-plate, cast with deep flanges at each side, to support it as rigidly as possible. 

D^ D^ are the trunnion pillow-blocks cast on D. 

D^ is the cot or binder which surmounts the trunnion pillow-block, and receives, through the 
aid of the bolts and nuts represented, all the upward strain which is at every revolution powerfully 
thrown on the trunnion. 

U E are the pillow-blocks, extended as represented, which allow of securing by bolts to 
the cross braces E^ E"^^ which enable these heavily strained castings to brace and support each 
other, and also to be connected through these by bolts, as represented, to the deck-beams ^^. 

E^ E^ are capB or binders which hold down the main shaft by the aid of the stout bolts and 
nuts_El 

E F are the inclined wrought-iron rods, which receive alternately the tensile and crushing strains 
due to the action of the steam on the piston. When the piston is on its upward motion, with the 
full pressure of the steam below, it lifts with immense force on the pillow-blocks E^ and this is 
a force which must be resisted entirely by the rods E, When the action is reversed and the 
piston commences to descend, an equally powerful downward force is imparted to E^ which tends 
to crush F^ and the highly inclined positions of the piston rod when the engine is nearly at half 
stroke, gives an additional straining tendency to this force, by causing it to act in oblique direc- 
tions. The rods F are inclined toward each other, the better to resist the compound action of 
these varied forces ; and except for the facility of removing the cylinder cover, would be inclined 
so as to stand in lines ranging directly toward the centre of the water-wheel shaft A^, The sockets 
in which these rods are fastened, both in the bed-plate D and the pillow-blocks E^ are very nicely 
fitted, and the parts are secured therein by stout keys F'^ F^, These keys are capable of resisting 
forces in both directions, but are set to draw the collars on i^ tightly into contact with the castings. 
The method of inserting these mammoth rods in such diagonal positions is somewhat peculiar, and 
consists in dropping one through the bed-plate, for which purpose it must be constructed without 
a collar on its lower extremity, and the keelsons must be correspondingly arranged at that point, 
to allow of its being lowered several feet through the bed-plate. The other rod ^may be fixed 
rigidly in position, and there is then no difficulty in lowering the pillow-block E into its place on 
the other rod, and securing it firmly, after which the rod previously dropped may be hoisted in its 
proper position, and firmly secured. The necessity for the two key seats F^ and D^, in the bed- 
plate is thus explained : one being set with its draught inclined to force the rod F downward, and 
the other acting in a contrary direction, to supply the rigidity which would be afibrded by the 
collar represented^ were such present. 

U" is a brace or tie which passes transversely across, above the bed-plate, and aids in stiffening 
and supporting this portion. 

G- is the head of the piston rod, which embraces the crank pin. The construction of this por- 
tion will be more fully ex{)lained in the succeeding plates. 

jy is a single link, K^ being the upper centre on the beam /, and H"^ the lower centre, which 
is carried in lugs on the top of G, TP consequently describes the motion of the crank at each 
revolution, and gives / a reciprocating or slightly circular curved linear motion in the dotted line 
represented, which is described from the fixed centre F. 
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/is the air-pump lever, trussed by the addition of the stout cast-iron strut P and the strap /\ 
passing under the strut, and secured to both extremities, as represented. 

K K are stout uprights which support the fixed extremity of L They stand on the deck- 
beam W^ which is connected by the casting K^ to the lower deck-beam W^ and this latter, in turn, 
is connected to the keelsons by the upright rod ^^, so that the whole forms in effect a continu- 
ous column leadmg from the bottom of the ship, to support the centre I^, 

L L are diagonal braces extending from the pillow-block to aid K in resisting lateral fore- 
and-aft strains. 

M is the single air-pump link which descends from the centre M'^ in the air-pump lever, 
through the top of the hot w^ell, and is connected in the ordinary manner to the air-pump 
rod within. 

N is the feed-pump rod, which descends from the point N^ on the air-pump lever, and which 
works the feed-pump (9, which, with the arrangement of valves in the^ox (9^, will be more fully 
represented in the succeeding plate. The centre N"^ in the air-pump lever is supported by the 
slight braces P P, 

P is the condenser, a casting of sufficient strength to resist the powerful external pressure of the 
atmosphere, and to support all the strain of the air-pump, hot well, etc. It is firmly bolted to the 
keelsons, as represented. The condenser receives through the large pipe {7 all the steam which is 
worked in the cylinder A ; but this is all condensed by the constant influx of large quantities of 
cold water. The office of the air-pump is to maintain this vacuum, by continually pumping out 
the hot water resulting, and which would otherwise flood the condenser. The term air-pump is 
derived not so much from its occasionally pumping small quantities of air which are mingled with 
the steam, as from its being obliged to pump out the water in opposition to the pressure of the 
exterior air ; a work which requires considerable force. The arrangement of the air-pump will be 
more fully represented in the details. 

Q is the hot well, a simple reservoir in which the water pumped from the condenser P is 
received. From Q a portion is pumped by into the boilers, but the principal portion is dis- 
charged through ^^, a large pipe which leads directly from Q through the side of the vessel to the 
external atmbsphere or the ocean without. 

We assume in this description, that our readers are all familiar with the general principles of the 
steam-engine, and with the nature and effects of the various parts ; but as a large number, 
especially in the interior and western portion of the country, are little accustomed to low pressure 
or condensing engines, we are particular in the description of every important portion. The part^ 
now described, with the addition of the crank, and a few other portions not distinctly seen in this 
drawing, constitute the principal features of the engine. The parts remaining to be described 
may be considered simply as auxiliary to, or aiding in the action and control of these parts. 

^ is a hand lever socketed, as represented in the lever P}^ which is hung to a fixed point in th^ 
framing. 

i?^ is a rod or link which connects P^ to the extremities of the levers P^ and i?^, on the side 
of the cylinder. To tie extremity P^ of the lever i2, may be communicated at will, by the hand 
of the engineer, a reciprocating vertical motion, which motion is communicated through the whole 
train. The motion of P^ is imparted to the exhaust valves: that of P^ to the steam valves, so 
that P is the starting bar of the engine. 

S is an eccentric fixed on the water-wheel shaft A^^ and communicating its motion through the 
eccentric rod S\ which is braced by the side braces S'^ /S^^, to the lever S^. 
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^ is a liand lever wMcli works tlie unhooking gear. It is located very convenient to tke 
engineer. 

T^ is a rod operated by T, It leads down to tke lever 

2^^, which latter has a curved slot to allow the corresponding pin on the short bent lever 

T^^ to play back and forward as the cylinder oscillates, without giving any motion thereto. 
"When Tis depressed by the hand, T^ rises, and raises 5^^, which turns the bent lever T^^ and thus 
lifts the eccentric rod and unhooks it. 

CT is a nicely revolved and convenient hand wheel, directly in front of the engineer. This is 
capable of being revolved with great ease, in either direction, but may be set in any position by 
tightening the small hand-wheel and nut 11^ immediately above it. 

Z7^ is the hollow stand on which Z/is mounted. 

JJ^ is the shaft on which Z7is keyed. U^ leads down through the engine-room to the point 11^^ 
where it carries a pinion T^ich gears into a larger wheel, by which is operated the screw- valve or 
stop-cock U^, This stop-cock controls the communication from the exterior of the ship to the 
interior of the condenser. The powerful suction (as it is sometimes termed) on the interior of P 
draws the cold water with great violence through the passage thus controlled. The engineer by 
turning JJ controls the quantity thus admitted, carefully shutting it off, or diminishing the quantity, 
when the engine is slowed, and opening it to condense the greater volumes of steam when working 
at full speed. 

"Fis the boiler, a very common and favorite form of this important feature for low pressure 
purposes. It is termed a return flue or ascending flue boiler, 

V^ is the furnace, entirely enclosed within the shell. The dotted line represents the grate on 
which the fuel is laid, 

V^ V^ are flues leading the intensely hot products of combustion through the water to the back 
connection V^. 

V^ V^ are return flues in which the same is discharged into the uptake or stack Y^. 

V^ is the steam chimney, an attachment on the top of the boiler in which the steam is dried and 
delivered in a pure state, free from particles of water, through the pipe JB. 

W is the blow-off valve which regulates the escape of dirty and concentrated brine from the 
boiler through the pipe TF^, into the sea. 

X X^ X^ form the bilge-pump and connections, through which the water is raised from the hold, 
and discharged overboard, by the aid of the pump-rod X^ worked by hand on the main deck, at X^. 

Zi^ the feed-pipe. It leads from the feed-pump to the check- valve, imperfectly represented 
behind W. Through this is received the water to be evaporated in the boiler. 

Before proceeding to describe the succeeding plates, we will introduce a few suggestions for the 
benefit of those not familiar with the subject, in regard to how drawings should be studied. Every 
separate piece of an engine or large machine is a separate study to the engineer, and every modi- 
fication of the form or proportion is, or should be, made with a view to favor some particu^lar end. 
The learner should ask himself the effect of every angle, and every convolution. He should in- 
quire what would be the effect, were each individual part made longer or thicker; and although, 
in many instances, it will be found that little difference would be produced by slight changes, in 
others, very interesting facts may thus be developed. The answer, in a large number of cases, 
with regard to the effect of increasing the size or strength, will be simply that it involves a neces- 
sary increase of expense ; but there are cases, very numerous in the aggregate, where lightness is an 
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almost indispensable requisite; and, in general, all macliinery is proportioned in sucli manner, in 
regard botli to economy and efficiency, as to secure tlie greatest possible amount of strength, with 
the least material. This problem, which can be enunciated in very few words, is the great general 
object in view in designing machinery. Drawings, and especially large a^nd strictly correct draw- 
ings like these, may be studied with as much profit as reading matter. And in many respects, the 
instruction is far more positive, practical, and both directly and indirectly advantageous. . The 
best method of studying under diiferent circumstances may be various. 

The most full and perfect means of studying any drawing is to copy it. Let the learner take 
off the dimensions singly, and transfer them to another sheet, carefully inquiring, at each step, the 
reasons therefor. One unaccustomed to drawing machinery, or only accustomed to do so from the 
instruction of others, and without any training of the mental faculties in this direction, may find it 
very difiicult to answer these questions ; and, in fact, all will find many points in machinery in. 
w^hich the answer to this question must be waived at the moment of its suggestion ; but it will 
probably be developed in the course of the succeeding studies. Having finished the tracing of 
the outlines, they may be inked in, and the parts all shaded, more or less fully, with India ink oi 
colors. 

The time consumed by this process is too great to justify most persons in commencing it. ^ The 
second method is to trace the drawing in full, on tracing paper, or on transparent muslin. Having 
stretched the plate on a suitable board or table, lay the transparent material over it, and confine 
the whole with suitable pins or tacks. In the absence of these latter, proper weights or any other 
convenient means may be employed as fastenings. Thus prepared, the learner may commence to 
trace, either first with pencil, and afterwards with ink — or with ink in the first instance, every line 
found in the plate. Care should be taken in both instances. to shade, or make heavier, those lines 
which are on the under and right side of every object. This, although termed shading, is not 
strictly so, but serves greatly to relieve the heaviness of a simple outline drawing, and to make 
very clear every part thereof. It causes the object drawn to, as it were, stand out from the paper, 
in relief. 

The third method, and one which can be practiced with but a comparatively small expenditure 
of time, and one of great profit to almost every class of readers, is to simply trace the lines on the 
plate, direct, with a quill or splinter. Spreading the plate on a suitable table or board, without 
any fastening, travel slowly and carefully over every line in the drawings, in the same manner as 
when tracing as directed in the last paragraph. It may seem an idle process, but a few experi- 
ments will develop its efficiency. Hundreds of points, not before observed, will be discovered by 
this means. 

Scores of questions will arise from time to time, in either of. these methods of study, which, as 
before suggested, can only be answered at a later period. The first method brings out these with 
the most distinctness. The last named method is liable, if carelessly conducted, to become a 
merely mechanical operation — one in which the hand traces every line without reference to what 
it is, or why it is so drawn. This must be carefully guarded against. 

A fourth method, and one which is equally efficient and probably more agreeable than the last, 
. is to tint the plate. There are colors which have come to be recognized as conventional means of 
representing different materials. India ink, or China ink as it is sometimes termed, prepared from 
lamp black and gum, is employed to represent wrought iron ; neutral tint, a mixture of black, blue 
and red, is used for cast iron ; indigo blue, for steel ; gamboge, for brass ; burnt sienna, for copper ; 
yellow ochre, for wood; etc. These tints should all be used very much diluted, and unless the 

5 ■ 
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operator is accustomed to tinting, he woulcl do well to practice, for some time, on other pieces of 
paper, before commencing on the plate. Remember, that if too faint a tint is given, the dose can 
be repeated. Blue is frequently used for all forms of iron and steel, and black, in different shades, 
is frequently used for all substances. To some eyes, drawings simply and neatly shaded in black, 
look better than in tints; but for engineering purposes, tints are preferable. In either case, the 
exercise of laying them on will prove a very wholesome one* 

It is important to have good sets of instruments, but these are not as essential as many suppose ; 
a very few will serve if they are kept in good order. Whatman's is esteemed the best drawing 
paper. India ink is valuable in proportion as it dissolves easily and does not settle to the bottom 
of the water in standing. Lead pencils should be black and firm, and free from both grit and gum. 
Fabers have the best reputation, but we use and prefer Rehbach's for all purposes, ISTo. 1 is soft- 
est, and I^o. 4 the hardest; we recommend Nos. 3 and 4 for general engineering drawings.^ 

While on this subject, we may be excused for digressing somewhat, to suggest the importance 
of study to the young mechanic, as also to advance a few hints with regard to how it should be 
conducted. 

The late lamented Hugh Miller was for a long time engaged in a quite sharp discussion, with regard 
to the relative superiority of self-made, as compared with liberally-educated men. We do not recol- 
lect which got the best of the argument, Mr. Miller — the student of quarries and nature— the hard- 
fisted working man — or the gentlemen of the satchel and gown ; but in either case, the fact is undis- 
puted that in the present age, with all the facilities afforded by the printing-press, and the general 
diffusion of science, it is possible and practicable for the unaided workman, who commences early, or 
even if rather tardy in the commencement of the enterprise, to compete successfully for many — 
perhaps most — ^positions of honor and profit in this country. Scores of examples might be adduced 
of men who have accomplished this ; and the absolute and imperative necessity for study, even to 
maintain one's position with credit, is every year becoming more obvious. A century — ^yes, two- 
score years ago, our fathers acquired,, by long and patient drilling, that degree of mechanical skill 
in the -use of certain tools which was termed " learning a trade ;" and properly relying on the trade 
as the best capital with which life could be entered upon, they pushed boldly forth into the ming- 
ling currents of the world. But labor-saving machinery has introduced serious innovations on this 
mode of doing business. Every few years, or oftener, some tool is manufactured, or machine in- 
vented, which gradually or rapidly supersedes hand labor, and compels a large class of mechanics 
-either to lower their wages below a respectable living point, or change to some more lucrative 
occupation. It has, therefore, become necessary in preparing to enter " the world's broad field of 
battle," that more varied acquirements be made, and that the judgment and business capacity, as 
well as the intellectual faculties generally, be developed and matured. If machinery is introduced 
to supersede hand labor, some persons must construct and attend the machines, and every new 
modification which practical science assumes, calls for a set of new hands — in fact, more frequently 
than it dispenses with the help of old. We will assume, without further preface, that proper cul- 
ture and storing of the mind is desirable. The next questions are — ^What is proper culture ? and 
how can it be obtained ? 

We know, from practical experience, some of the difficulties with which young workmen and 
apprentices are surrounded, even in this free and enlightened country. .There is often, perhaps 

* The manufacturer of these recently introduced pencils is "L. J. Eehbach, in Eegensburg." There are three qualities ;— the 
ordinary, (which is intended for common use, and is equal to the best of other makers,) the second quality, for the use of merchants 
and mechanics, and the very finest, for artist draftsmen. Willy Wallach, 131 William street, 'New York City, is sole agent. 
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generally, a jealonsy on the part of older workmen by their side ; and even, and very stupidly, in 
their employers, to prevent the youthful aspirant from learning, any more than what is esteemed 
his proper part. We have felt the inconvenience of attempting to study in the chamber of a 
boarding-house, and we know, to some extent, the disadvantages of learning from antiquated and 
incorrect books, by a very slow and tedious process, what was subsequently discovered to be not 
only useless, but positively erroneous. We are aware that men so situated have little opportunity 
to procure, or judgment to select books; and more than all, they have not sufficient inclination, 
except in very rare cases, to contend, alone, against the powerful influence of their surroundings. 
There are strong inducements in most localities to idleness if not to dissipation. 

Without attempting now to dictate what branches should be pursued, and what books procured, 
we will simply add a, few -words on lioio to study. And first in practical importance, let, if 
possible, two or three unite, or rather, pursue a study cotemporaneously. Let them discuss the 
principal points during the intervals of labor ; and, although it will generally follow, that one is 
so much in advance of his neighbor as to become a teacher rather than a fellow-student, yet the 
exercise of comparing notes, even in this manner, will be profitable to both. It will certainly 
benefit the indolent man, and will refresh the memory, and confirm the opinions of the more 
advanced. Do not attempt to unite more than three, as the chances of confusion and final aban- 
donment of the enterprise are increased by the addition of each new member. But all this depends, 
after all, on the force of the student. There is a quality, so termed, almost or quite as important in 
real life as intellectual development. If you will look abroad among your acquaintances, j)articu- 
larly those filling, with credit, important and responsible situations, a close analysis will show you 
that they derive their best qualities as much from force as from sense. If you have force enough, 
when fully summoned, to propel alone^ spend no time in solii^iting companions. There are always 
those who will be pupils if no labor is required. Explain to such occasionally some prominent 
point in your newly-acquired knowledge. If it does not benefit the listener it is no fault of yours. 
The irnprovement of the lecturer is the main point, and you will frequently find much truth in the 
very obstinacy with which they will object to the propositions advanced. 

Every text book is, or should be, adapted to a certain progress in the learner. There are gener- 
ally several books on the same subject, some very simple, and others very deep. You will very 
likely — ^procuring your books by accident or chance— find points difficult to master. Overcome this 
by procuring, if possible, two or three different text books. Whether the subject be mathematics 
or chemistry, electricity or law, hydraulics or book-keeping, two or three authorities will settle 
every difficulty. The explanations of one writer will cover the "joints" left by the other.. And 
even if one book is very old and musty, both covers eaten off by mice, and the whole stained as 
if fresh from the slop-pail, skim through what it has to say, after you have faithfully studied a 
section of the more modern one. Two books are sufficient — four are too many. 

Morning is the best time for close deep thinking: the evening best for charging the memory. 
In the long days with warm mornings, arise at five, and study mathematics ; practice drawing from 
supper till dusk; then spend the remaining hour in general social enjoyment. But if you wish 
simply to remember an array of terms, or acquire simple " word knowledge," a matter of great 
importance in chemistry, read over what you wish to fix in your memory at night, just before 
retiring. In short, go to work every morning full of new and strong ideas * retire at night with 
new words stamped in the memory. By following the suggestions we have advanced, without 
losing an hour's wages or diminishing your usefulness in the shop, you may progress about half as 
rapidly as you would were you at a popular school and devoting your whole time to study. 
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DETAILS OF THE STEAMSHIP KNOXVILLE. 

Plate VI. 

& lettering the drawings of this work, we have studied to, as far as possible, employ the same 
letters to indicate like parts in all the figures. The immense number has rendered this impracti- 
cable in some instances, but in the main we have preferred to attach numbers to tbe letter rather 
than to complex the subject and confuse the student by a different course. 

Fig. 1 is a side view of the cylinder '; Fig. 2 a top view ; Fig. 3 an enlarged section of the 
lower portion, and Fig. 4 a front view of the same important casting. The casting is made with 
the bottom attached, or rather a large portion thereof, a circular opening, four feet in diameter, 
represented very distinctly in Fig. 2, being left to be subsequently covered. 

A'^A'^ and A^A'^, respectively the steam' and exhaust valve chests, liave been already briefly 
described, and will be further detailed below;. 

A^ Fig. 4, is the cylinder bottom, a casting of sufficient size to stop the orifice left in the bottom 
of the cylinder, with stout flanges to allow its being secured thereon by bolts. The whole diameter 
is four feet seven inches. (This part is lettered A^, hj mistake, in Fig. 1.) 

A^ is an attachment to the bottom of the cylinder, to provide for the stout nut which helps to 
secure the piston on the piston-rod. The interior diameter of ^^, which is 15| inches, is designed 
to be amply sufficient to allow the entrance of the nut at each stroke, without a liability of contact 
thereof with its sides. 

A^ is a crossbar, two views whereof are represented. The object of this will appear below. 
Al^ is a housing bolted to the cylinder bottom, to contain a stout coiled spring, as represented. 
This spring allows the descent of A^^ if impelled by any sufficiently great force. 

A^ is a safety valve, which fulfils a very important office, and merits a tolerably full explanation. 

Steam is water expanded into a gaseous form by heat. But it almost invariably contains more 

or less fine particles of water in its ordinary form; and although every effort is made in steam 

engineering to procure dry steam, or steam as free as possible from such particles, it is sometimes 

the case that the boilers " prime," " foam," or " work water," very seriously, in other words, water 

comes out in large quantities with the steam. The precise nature of this action is not understood, 

as it is of course not subject to inspection under such circumstances as occur in practice. There 

are some reasons for supposing that the water, under the influence of some unknown law, ascends 

the side of the boiler, in a thin sheet, and thus flows out with the steam, from the steampipe ; but 

there are, we think, stronger reasons for supposing it to rise in the form of thick spray, mingled 

intimately with the vapor. This theory derives much support from the fact that the simple 

deflecting plates of iron placed in the boiler in such a manner as to deflect in splashes and throw 

them against the side of the boiler, to descend by gravity, have, in some cases, almost or entirely 

remedied this evil. Some boilers are far more liable to work water than others ; and the reason 

cannot always be satisfactorily assigned for this difference ; but in general a large area of water 

surface in the boiler, or, in other words, a liberal provision for the escape or disengagement of the 

steam from the water, so that it does not rise therefrom in any considerable velocity, tends very^ 

gl^eatly to prevent priming. The steam domes, added on the top of many high-pressure boilers, 

and the steam chimney, on low-pressure boilers, are both intended for the same purpose, i. e., to 
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take the steam at a considerable elevation, so as to avoid the commotion of the water as far as 
possible. The steam chimney, however, in the last-named example, contains the heated smoke 
stack or np-take, which tends very considerably to dry the steam by evaporating all the particles 
of w^ater which come in contact with it. But with all precantions, engines are always liable to 
receive a greater or less quantity of water, to which may be added an allowance for the quantities, 
sometimes very considerable, which are condensed by contact with the cold metal of the cylinder 
in commencing to work. As water is incompressible, except to a very small degree, and as the 
piston at each stroke comes into almost absolute contact with all parts of the cylinder end, it 
follows that a quantity of water sufficient to more .than fill the small space remaining before the 
piston at the end of the stroke, must necessarily compel , either a stoppage of the engine or a 
fracture of some portion of the machinery, unless means are provided for its escape. In ordinary 
small engines, with slide valves, a sufficient vent for such water is allowed by the ability of the 
slide valve to rise slightly from its seat and allow the escape, partially into the steam chest, and 
partially into the exhaust port; but with poppet valves such as those here employed, there is no 
possibility of producing such effect, and extra provision must be made, both at the top and bottom 
of the cylinder, for the escape of water. A^ is the valve applied for this purpose,, at the bottom 
of the cylinder. It is constructed substantially like the ordinary safety valves employed on boilers, 
but stands in an inverted position, and is held up to its seat by the aid of the bent crossbar A^\ 
which, as before described, is suspended by powerful coiled springs, enclosed in the housings A'^A'^. 
The action is precisely similar to that of the ordinary safety valve, the tension of the springs being 
such as to hold the valve A^ firmly in its seat, unless the pressure within the cylinder exceeds a 
certain proper amount. The moment the pressure becomes excessive — -which can never occur 
except from the presence of water, or the breaking of some of the valve gear — the valve A^ is 
urged downwards with such force as to carry with it the crossbar A^^ despite the tension of the 
coiled springs. 

A'^^ are nuts which fit on the screw-bolts represented, and by means of which the tension of the 
coiled springs may be graduated to any desired amount. If, for example, the coiled springs become 
somewhat set, or partly lose their force, so that the safety valve A^ is no longer able to hold its 
seat against the ordinary full boiler pressure of the steam, it will follow that the valve will open 
somewhat at the commencement of each stroke, when the pressure is greatest, and steam will 
escape, on observing which the engineer has simply to turn the nuts A^^ a little, and thus increase 
the force with which the valve is held to the proper extent. 

The seat of the safety valve A^ is of brass, and it is common to make A^ also of similar material, 
to prevent a possibility of either of the surfaces rusting so as to cause adhesion to the other. The 
valve seat has a flange on its lower edge, as represented, and the body is fitted tightly into a hole 
bored in the casting A^, 

The manner in which the safety valve A^ is guided is worthy of especial note, as the space for 
guides of the ordinary character either above and below the valve is very limited. The opening 
in the seat is crossed by a radial bar cast therein, and from the centre of this projects a short rod 
or spur, nicely turned, as represented, and only f inch in diameter. The safety valve is cast with 
a thicker stem projecting downwards, the centre of which stem is bored with a corresponding hole 
to fit easily on the projection from the seat described. It follows that the motion of .^^ is simply 
vertically downwards and directly back to its seat, as it is perfectly guided by the central rod 
described, in its interior cavity. A'^'^ represents hand holes to allow access to the valve or seats. 
^^^ is the opening in which, the exhaust rock shaft is carried. A^^ is a similar opening for the 
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steam rock shaft. Both, openings are, in effect, hollow pipes or tubes cast in the cylinder and 
extending across the passages. ^^^ is a lug under the exhaust chest. A^^ is a corresponding lug 
under the steam chest. Both these are merely fastenings for brackets or hangers to be described 
below. A^^ are bosses to centres in which are attached the rods of the bilge pumps. A'^'^ is a 
projection to which is bolted a part of the valve motion as seen in Plate V. A^^ is a boss on the 
opposite side of the cylinder. It is fixed . to a centre from which a motion is obtained which 
lowers the valve to its seat. 

Fig. 6 is a plan view, and Fig. 6 a vertical section of the cylinder cover. This casting is fitted 
into the upper end of the cylinder, making a tight joint therewith, at the extreme upper edge, 
and is bolted thereon by a series of bolts which are inserted through the flange, plainly repre- 
sented in Fig. 6. The holes for the bolts are shown in the flange of the cylinder, in Fig. 2, and 
these fastenings must be sufficiently near together to prevent any considerable springing of 
the casting, when subjected either to the full pressure of the steam, or the greatly increased strain 
due to the occasional presence of water, as before explained. This casting must, in short, form a 
rigid and perfectly tight top to the cylinder, while at the same time, it must be easy of removal, 
in order to allow access to the piston within. 

The cover of an oscillating engine is necessarily deeper at its central portion than the like parts 
of other engines, and, in fact, it is gendrally desirable to make the ends of a cylinder as thin rela- 
tively as consistent with the proper strength of the parts, and the provision for a suitable stuffing 
box ; but with oscillating engines the case is different. The strains developed by the oscillating 
motion of the heavy cylinder induce a great amount of side pressure in alternate directions, on 
the piston rod, at the point where it passes through the cylinder cover. The cylinder cover is a 
hollow casting in a form approximating that of a cone, but with an aperture through its axis of a 
diameter greater than that of the piston rod. Through this hole the piston rod must play tightly 
and easily, while provision must also be made for receiving the lateral strain due to the oscillating 
of the cylinder. This is effected by lining the aperture for a considerable part of its. length with 
brass, and making it in another portion an ordinary stuffing box. 

This construction is represented distinctly in Fig. 6. The central aperture referred to, is bored 
truly and smoothly to a size of one inch greater diameter than the piston rod. About one half 
the distance is now bored from the outside to a still larger diameter, as represented. The brass 
sleeve A^ having a flange at its upper extremity, is next fitted tightly and permanently in its place 
in the smallest part of the hole, and this makes a suitable bearing to receive the side pressure. 
Above this is left an annular space around the piston rod, which receives packing or soft material 
of any ordinary character. This packing is compressed and compelled to keep a tolerably tight 
joint with the piston rod, by the aid of the gland Z>, which is fitted loosely within the bore, as 
represented, and driven down to a suitable extent by screw bolts, not represented, passing through 
its flange, and tapped into the thicker flange on the cylinder cover. The cup-like space above the 
flange is somewhat contracted near its upper edge, as shown, to prevent the spilling of the fluid 
employed in lubricating the piston rod. 

The durable fitting of this portion of an engine in a manner just sufficiently tight and capable 
of easy adjustment, is a matter of great importance, and one of no little difficulty. The stout 
piston rod which moves outward and inward through this stuffing box, is a medium through which 
all the power of the engine is transmitted. The packing must be of soft material, and not too 
tightly compressed, or it will heat and abrade the necessarily finely polished surface of the rod. 
It is also necessary to maintain a steam and air tight contact with the rapidly moving surface. On 
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the inward stroke of tlie piston, there is a pressure of steam endeavoring to force apassage out- 
ward through, the annular opening around the rod, and on the outward stroke there is a pressure . 
of air on the exterior, endeavoring to force a passage through into the vacuum which now" exists 
within. Any leaking of steam outward renders itself readily visible to the eye; but the leaking 
of air inward is not equally plain, and it is found in practice that air will leak quite rapidly through 
spaces too narrow to allow the passage of steam. All the air which leaks through this or any 
other portion of the engine on the exhaust side of the piston, tends to vitiate the vacuum, and 
thus detract from the power of the engine. In the endeavor to diminish as far as possible, this 
source of loss, it was at one time very common for English engine builders to insert what they 
termed a " lantern brass," a hollow ring, fitting the piston rod at about the centre of the stuffing 
box, and to supply this ring with steam at full boiler pressure by means of a small tube. Such a 
device insures that in case any inward leakage occurs through the stuffing box into the interior 
of the cylinder, the fluid drawn inward is certain to be steam and not air, and as steam is readily 
disposed of by the cold water in the condenser, the evil accruing is very slight unless the leakage 
be very excessive. This is one object attained by the use of the lantern brass ; but another, and 
perhaps more important one in practice, is the tell-tale effect produced by the escape of steam so 
soon as the stuffing box becomes to any considerable extent leaky. It is easier for steam to leak 
outwardly, while the motion of the piston rod is outward, than while the surface of the piston rod 
is moving inward. As ordinarily arranged, the suction or vacuum within the cylinder induces an 
inward leak at that movement, so that a considerable imperfection might exist without detection ; 
but with the lantern brass a slight escape of steam is observed at every outward movement of the 
piston rod, and this escape becomes very sensibly increased whenever the packing becomes de- 
fective, and thus attention is immediately invited to the fact and the adjustment is at once at- 
tended to. Such brasses are, however, rarely or never employed on American engines of any 
kind. 

B is an opening plainly represented both in FigS. 5 and 6. It serves the purpose both of a 
manhole to allow occasional access to the interior of the cylinder end, without removing the whole 
cylinder cover, and of a suitable aperture on which to mount the upper safety valve. OQ etc. 
are circular openings in the lower side only of the cylinder cover. These are provided to 
allow the removal of the core from the casting, and are subsequently stopped by screw plugs in- 
serted as tightly as possible. D and E are respectively the inclined channels which allow the free 
influx and escape of the steam through the. steam and exhaust ports. FJF etc., are vertical webs 
which connect the upper and lower portions of the cylinder cover, and extend radially from the 
centre to the periphery. GG represent an annular recess on the under surface near its outer 
edge, which allows for the heads of the bolts on the piston, the intent being to allow the upper 
side of the piston to approach as closely as possible to the cylinder cover, without an absolute 
contact at any point. 

The cylinder cover, as a whole, is an extremely strong, yet light casting. ^ In explanation of the 
great depth given it at the centre, it is evident on reflection, that the piston rod acts as a lever of 
the first kind, in vibrating or oscillating the cylinder. The piston may be considered at all times 
ready to serve as a fulcrum, the crank pin is the point where the power is applied, so far as this 
lever-like action is concerned, and the interior of the cylinder cover the surface where the resist- 
ance is felt. When the piston is at its lowest position in the bottom of the cylinder, the strain 
on the cylinder cover is slight; but when the piston is at or near the highest point in its stroke, 
the length between the fulcrum and the bearing in the cylinder head is very short, and conse- 
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qnently tlie strain on the cylinder head is quite severe. To diminish this, and in fact, to relieve 
the piston as far as possible, from any side strain, and rob it, if possible, of all participation in 
this oscillating strain, great depth is given to the stuffing box and cylinder cover. The brass lin- 
ings of the cylinder cover, and also of the gland, may be very readily replaced by others when 
their interiors become worn slightly oval; and by compelling the brass lining ^4 to serve as one 
bearing, which, for perspicuity, may be termed the fulcrum, and the interior of the gland D has 
another which we may term the resistance, it will be readily seen that the greater the distance to 
which we can separate these bearings, and, in short, the greater the absolute depth of the cylinder 
cover, the less will be the strain and consequent wear. 

Fig. Y is a plan view, and Fig. 8 a vertical section of the piston. It is constructed on the same 
general principle as the cylinder cover, being a hollow casting strengthened by radial webs, and 
circular orifices, F being left for the removal of the core, which orifices are stopped in the man- 
ner already described. The centre of the holes is slightly tapering to receive the piston rod, 
which latter is retained by a very stout nut on the under side. The form is slightly conical, the 
increased depth in the centre being provided to compensate for the increase of strength at that 
part. The central boss or hub projects as represented, both above and below, and on these a.re 
accurately fitted the wrought iron rings HJE. DB are sectional views of the packing rings of 
cast-iron, which are driven outward by their own elasticity, and also by the pressure of springs, 
not represented, which are inserted in the annular space between them and the body of the pis- 
ton. C is the follower or junk-ring, an annular casting fitting into a corresponding depression, 
turned in the upper surface of the piston, so that it stands flush with the upper surface of the 
piston. The ring Q is secured to the piston by screw bolts B^ the threads of which work in nuts 
previously inserted into corresponding cavities, as represented. 

The piston is the agent which directly receives all the useful effect of the steam, and to v/hich, 
in fact, all the other portions of the engine are subservient. There are strong reasons why every 
portion of a marine engine should be made as light as consistent with strength, but the piston is 
particularly so, from the rapidity of its reciprocating motion, and the strains induced by its mo- 
mentum on the crank pin, and other parts of the mechanism. The piston of the Knoxville is of 
cast-iron. The rings BE serve as hoops to defend the boss against the violent wedging force due 
to the slight taper of the interior. It is common to finish the piston rod, as in this case, with a very 
slight shoulder at the point where it joins the piston; but this shoulder is too slight to be of much 
importance, and the principal force of the piston in one direction is received on the very gradu- 
ally tapering interior of the bore \J., figures Y and 8, which tapers about | inch to one foot in 
leng^th, and the expansive or wedging force due to this strain is necessarily very severe, though, 
except when it produces an actual cracking of the piston, this strain is of no effect, or rather, is 
highly advantageous, by insuring a perfectly rigid union of the parts. 

Fig. 9 is a vertical section, and Fig. 10 a bottom view of the upper safety valve. This valve, 
denoted by _4, performs a part corresponding exactly to that quite fully described at the lower 
end of the cylinder, and is mounted in a similar manner on a cylindrical spur or rod B^ projecting 
from the centre of the annular seat i)\ It will be observed in Fig. 10, that what we have 
termed the crossbar, which connects B with Z)\ does not extend across, but only radially from 
the periphery to the centre. B is the housing which encloses the spring H, G and F are in 
effect, one casting fitted to play loosely within _S. The stout spiral spring H endeavors to extend 
itself, acting in one direction against the head or top of the housing B^ and in the other direction 
against the casting F^ tending to urge it downwards. The rod F is tapped through G^ and bears 
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on A^ and thus the whole force of the spring ^is employed in holding A tightly to its seat. JE 
plays loosely through the aperture represented in the end or top of the housing ; and by applying 
a suitable wrench to the end presented on the outside, it may be turned so as to compress JT to 
any degree of tension required. 

Pig. 11 is' a side view; Fig, 12 an end view, and Fig. 13 an edge view of the piston rod. The 
head JS h forked as represented, the cavity (7 being made a little larger than the crank pin, so as 
to receive a brass lining. Figs. 14 and 15 show the head of the piston on a larger scale ; and with the 
cap Gin place, to confine the brasses £^ and .5^, which embrace crank pin D. Figs. 11, 12 and 13 
represent a key seat, and D^^¥\g. 14, shows the key in position. It is tapered as represented, to the 
extent of about three-eighths of an inch to one foot of length, and a screw thread D^ is cut on its 
small end to allow of its accurate adjustment. By turning the nut D^ this key is drawn inwards, 
and thus wedges the brass D^ into tighter contact with the crank pin. The tapered part Ei^ the 
seat for the piston, kept in its place by the nut jF, A is the wearing part of the piston rod. 

Fig. 16 shows another view of the end D^ of the key, and also of the devices for accurately 
adjusting and retaining it. The object of these devices is to allow of a perfect compensation for 
the wear of the brasses, and to provide means for adjusting the same while the engine is running. 
The nut D^ is constructed with four star-like arms, which may be struck with a hammer, to turn 
the nut in either direction at each revolution of the crank, even while the whole is rapidly re- 
volving. Zis a fixture bolted upon the side of the head JB^ by the bolts 7\ and ^is a spherical 
ended bolt, which plays in a cavity on the interior of 7, and is urged by a spring, not represented, 
into intimate contact with the nut D\ There are cavities in the side of the nut 2>^, as shown by 
the dotted lines. These cavities receive the spherical end of the bolt ^, which is pressed in with 
sufficient force to prevent the nut D^ from voluntarily turning itself, and yet without retaining 
it so firmly as to prevent its motion when the inclined sides of the shallow cavities forcibly push 
back the bolt JTj as they are certain to do when the arms D^ are struck with sufficient force. 
There are eight of these cavities in the circumference of the nut jD^, and the nut is therefore 
capable of adjustment to so small an extent as one eighth of a revolution. "Whenever the con- 
nection of the piston rod to the crank pin is found to be to any appreciable extent loose, the nut 
D^ is. turned one or more of these notches, and thus the key D^ is drawn forward so as to tighten 
the connection. 

The cap 6^ is secured by four bolts ^ which are tapped into B to the depth shown by the 
dotted lines. IP are nuts which firmly retain it in place.- G^ Q-^ represent lugs forged on the top 
of the cap G^ and which serve to carry the pin G^. This pin gives motion to the air-pump. 

Figs. 17, 18, 19 and 20 represent respectively views of the hangers which support the rock shafts. 
The hanger, represented by Figs. Vl and 18, is bolted to the rectangular projection -4^^, on the 
under side of the exhaust chest A? ; while the hanger Figs. 19 and 20 is bolted to the projection 
^^^, or the under side of the steam chest. In each of these drawings, A represents the bar in 
which the respective rock shafts are carried, and ^ the brass or box employed to receive the 
wear. 

Fig. 21 is a bearing for valve stem. Figs. 23 and 24 are the bearings, cast to the cylinder, for 
the rock shafts of the steam and exhaust valve motion,* of which J. are the journals and B brasses 
with a screw (^ and a jam nut B on its lower part, to tighten the journals. 

6 
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Plate VII. 

Fig. 25 is a plan, and Fig. 26 a side elevation of the condenser P, whicli contains the air-pnmp, 
as represented. Both these important parts are of cast-iron, the cylindrical portion of the air- 
pump being lined, however, with brass, in the style ordinarily adopted in American engines. The 
outline qf the air-pnmp, and the thickness of the brass lining are very distinctly represented by 
the dotted lines in Fig. 26. The thickness of this lining is about half an inch, and its design is 
simply to avoid the oxidation and corrosion of the surface, which would occur with iron. The 
pump is denoted by _4, the nozzle, by which it is connected to the hot well by ^^, the flange, by 
which it is bolted to the condenser by A^^ internal projections near the bottom by A^^ and the ex- 
treme bottom rim by A^, P^ represents the stuffing-box, by which a slip-joint connection is made 
with the exhaust pipe, i^^, Fig. 25, represents the gland by which the packing in this important 
connection is compressed. P^ is the flange, forming the foot of the condenser, and by which it is 
bolted to the bed-plate. P^ is a hand-hole to allow access to the interior. P^ is one of several 
projections to support the scattering-plate. P^ is an opening into P^. P^ is a channel connecting 
P^ with P^, P^ P^ are openings into the feed-pump. JB is the opening through which the in- 
jection water is admitted, and leading up to the scattering-plate JB^, Through holes in this latter, 
B^^ the water is allowed to fail and condense the steam. The object of the scattering-plate is to 
present as large a surface of the water as possible to the steam. 

Fig. 27 is a vertical section, Fig. 28 a plan view, and Fig. 29 a side elevation of the hot well, 
which is represented in Plate V. by Q. A^ is the opening which is fitted to the flange A^ on the 
upper portion of the air-pump. A^ and A^ are stout rims cast above and below the opening A^y 
to receive the short screw bolts connecting the hot well to the air-pump. These parts are repre- 
sented enlai^ed by Figs, 30 and 31. P is a simple bonnet or cover, fitted to a corresponding 
hand-hole. Q^ is the casting fitted upon the top of the hot well, and which serves the purpose of 
a kind of air chamber, to regulate the discharge. (7 is a brass valve, and C^ 0^ are delivery valves; 
these portions are of brass, and are represented in plan view by Fig. 32. P and P^ represent the 
connection to the discharge pipe indicated by Q'^ in Plate V., and through which all the water 
and condensed steam discharged into the hot well from the air-pump is allowed a free escape 
through the side of the vessel into the sea. P are stops to prevent the valve 0^ from rising too 
high. 

Fig. 32 represents the valve seat (7, before referred to, with one valve in place. P P represent 
the lugs on the valve seat, which form respectively portions of the hinge to which the valve is at- 
tached, and P bars which cross the openings, and constitute it a species of grating. These valves 
are of prepared India rubber, and work very smoothly and noiselessly. 

Fig. 33 is a plan, and Fig. 34 a vertical section of the air-pump cover. A is the gland, and P 
the cover. There are four ribs of moderate depth on the under side, which stiffen and strengthen 
this casting as represented. 

Fig. 35 is a side elevation, Fig. 36 a plan, and Fig. 37 an end view of the force pump and its 
box. These parts are represented in Plate V. by 6^ and 0^ respectively. The parts are princi- 
pally of brass, and are represented on a sufficiently large scale to exhibit all the peculiarities. A 
is the pump proper, which is of the single-acting description. A^ is the upper portion of the 
flange, and A^ the ring bolted on the top, which, by the aid of suitable bolts, compress the packing. 
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^^ IS a pin which traverses across the axis, and forms the point to which the pump rod denoted 
by ]V in Plate V. is attached. A^ is a stem projecting through the base, and by which motion is 
given to the slide valve ^^^ and by which the valves on either side are brought into action or shut 
off from connection with the pump at pleasure. A^ is a gland by which the packing is compressed. 
£ is the box or base which carries all the valves of the pump. . O O are two inlets through which 
the water is received from, the hot well, or rather from the passages i^^ connecting with the chan- 
nel -P'^, and the passage i^^, shown in Figs. 25 and 26. 11^ are handles giving motion through the 
shaft I^ /\ to the throttle valve H H^hy which the influx of water is controlled. L L are glands 
which compress the packing in the stuffing boxes around 7\ ^ is a cylindrical rod jointed to 
B^ at the point K^ represented, and by which, through the medium of a pinching screw in a swivel 
on 7, the position of the throttle valve H is adjusted with certainty, so as to admit exactly the 
quantity of water required for the supply of the boilers. D^ D^ are self-acting induction valves, 
through which the water is allowed to rise into the barrel of the pump A. D^^ D^^ are delivery 
valves, through which the water is discharged from the pump on the descent of the flange. 
2>^ are stops to prevent the valves from rising too high. J^i^are openings to which are attached 
the feed pipes represented by W in Plate V., through which the water is supplied to the boiler. 
G G are vertical polished brass rods, passing through the stuffing boxes G'^ G^. On the lower ends 
of G G are secured inverted puppet valves G^ G^^ fitting to respective seats in the horizontal parti- 
tion which divides the induction from the delivery passages. G'^ is a horizontal plate maintained 
at a small elevation above, by the four legs represented. On G'^ is supported the stout coiled 
spring G^y which exerts a constant strain on G'^. G"^ is secured by a nut so as to be adjustable on 
the upper extremity of G^ and the effect of the whole is to retain the inverted puppet valve 6r^ 
in its seat, with a degree of force which is adjustable by turning the nut last named. Whenever, 
in consequence of the partial or complete closing of the screw valves W on the boiler, more water 
is discharged by the force pumps through the delivery valves D^, than can be ^admitted to the 
boiler, the pressure in the feed pipe, and consequently in the delivery passage, becomes excessive, 
and the inverted valve G^ is forced downward in opposition to the tension of the spring G^^ and 
at each stroke allows an escape of water from the eduction or delivery into the induction passage. 

Fig. 38 is a plan, and Fig. 38^ is a side elevation of the steam pipe which is represented by J5^ 
in Plate V. i^is the end of the trunnion, i^ is the gland which compresses the packing around 
G. G is the end of the Bxhaust pipe, II is the broad flange, or rather rim, by which the steam 
pipe is secured to the trunnion pillow block. / is the pedestal which supports the weight of the 
exhaust pipe. G is the throttle valve spindle. C^ is the lever by which motion is communicated 
thereto, and O^ the throttle valve, ^is a projection on the steam pipe, which aids in securing it 
to the trunnion pillow block. 

Fig. 39 is an end view of what we have termed the pedestal TJ and the portion by which the 
steam pipe is bolted to the bed plate. 

Fig. 40 is a plan. Fig, 41 a side elevation, and Fig. 41^ an end view of the exhaust pipe. O^ C^ 
are arms by which it is bolted to the cylinder, G^ a pedestal supporting the weight, and 6^^ the 
cylindrical end which is inserted into the oscillating trunnion G^, 

Fig. 42 is a plan view, and Fig. 43 a vertical section of the air-pump backet. This feature of 
the engine is similar in general appearance to the piston, but is only about one half the diameter, 
and is provided with large valves opening upwards, rendering the air-pump a simple single-acting 
pump, for the removal of water, air, and uncondensed steam from the condenser. A is the air- 
pump rod, B the body of the bucket, B^ the hub or central boss by which it is secured on ^, B'^ 



44 AMEEIOAN ENGINEEEING ILLUSTEATED. 

the cavity in which, the packing is compressed, 6^ the junk-ring or follower, 2) the broad flat valves, 
.E'the guard to prevent the too great rise of the valves, and JS"^ a stout nut fixed on A as repre- 
sented, to maintain the connection between A and £. The guard i? is strengthened by ribs or 
webs on its upper surface, and the bucket proper is strengthened, first by a very stout crossbar in 
the line of the hinges of the valves, and further by four radial webs JB^ JB^. O O represent the 
lugs on the interior of OJ by which it is bolted to B, 

Fig. 44 is a side elevation of the air-pump rod. For engines of this character, designed to work 
in fresh water, both the air-pump and air-pump rod may be made of iron alone. But the prac- 
tice of the English, whose steamers almost invariably work in sea water, is to make both the air- 
pump and air-pump rod, of brass. The practice in the United States, with regard to ocean and 
coast steamers, is usually that adopted in this instance, making a rod of iron somewhat too small, 
and covering it skilfully with brass, by mounting it in a mould, and. casting the less oxydizable 
metal around it. The diameters are given on the drawing, that of the rod finished being 4^ 
inches, and that of the iron within being 3f. This method of construction makes a very strong 
rod, and, unless by some accident or imperfection, the brass becomes separated in some measure 
from the iron within, it is equally efficient and desirable to one of solid brass. The tapering por- 
tion on the left is fitted in the air-pump piston. The cylindrical portion, 5 inches in diameter, 
carries the guard JS' ^, and nut ^\ shown in ,Figs, 42 and 43. 

Fig. 45 is one view, and Fig. 46 another, of the air-pump cross head. E is the neck, which is 
secured on the air-pump rod by a stout key inserted in the seat D, O^ is the bearing portion of 
the pin, and C^^ placed on each side of the pin 6^\ a guide for the air-pump rod. 

Fig. 41 is a section view of the bilge pumps, of which ^ ^ is the pump barrel made of brass, 
£ £ is the pump bucket, JB^ B^ the followers, B"^ pump rod, B^ pins to secure the rod to the 
bucket. Q G are the valve chambers, (7^ -C^ valves, C^ a branch for suction pipe, Y/^ as- 
cending pipe to carry the waste water overboard. C^ covers, to set to the valves, O^ C^ guards 
to keep the valves from rising too. much, C^ a nozzle to keep the pump bucket in the barrel. The 
figure placed above this is a top view of the same. 

Fig 49 is a side elevation, and Fig. 60 a plan view, of the forgings, two of which form the up- 
per chord of the air-pump lever. The hole a receives the pin shown by I^ in Plate V. B^ at the 
other extremity, receives the pin shown by II\ in Fig. 5, and by which it is connected by the link 
H in that figure, to the main crank pin. 

Fig. 51 is a side elevation, and Fig. 52 a plan view of the lower chord of the air-pump lever, 
the same letters denoting similar parts to the figures last described. 

Fig. 53 is a side elevation. Fig. 54 a plan view, and Fig. 55 a transverse section, of the air-pump 
lever complete. The pin a is the centre on which it turns, B is the centre by which it is con- 
nected to the link from which it receives its motion, and O the centre by which it is connected to 
the air-pump. I) D are stout struts, 7)^ the bolts by which the latter are screwed to the upper 
chords 7, and B"^ similar bolts fastening to the lower chords H.. E B^^vo^ key seats by which the 
parts are secured in their places. F is the centre for the force pump rod, represented by N^ in 
Plate V. F^ F^ are stout castings which support it, "and F^ the nuts by which it is tightened in 
its place. F^ are braces which connect the upper chord to the lower, at that point, and stiffen 
the whole. G^ G^ are a series of horizontal braces employed in the upper chord, only to give' the 
beam stiffness laterally. It acts on a principle similar to some of the most popular truss bridges. 
The beam is thus principally of wrought iron, and combines rigidity and lightness in a very high 
degree. 
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Kg, 56 is an enlarged view of tlie centre denoted by B, Fig. 5Y is an enlarged view of tlie 
centre O. Fig. 58 an enlarged view of the centre F^ and Fig. 59 shows three views of the cast-iron 
supports for the feed pump centre F^ in Figs. 53 and 54. A figure not numbered, on the right of 
Figs. 59, shows, on a similar large scale, the beveled cast-iron supports of the centre (7 in the same 
drawings. 

The valve motion employed on this engine, is the invention of Mr. Horatio Allen, one of the 
proprietors of the Novelty Iron Works, and Mr. D. G. Wells, one of the engineers connected with 
the establishment. The effect accomplished, as already intimated, is the rendering the point of 
''cut off "variable or adjustable, at the will of the engineer, while the engine is in motion, so that 
when, in consequence of head wind, great haste, or any other extraordinary circumstance, it is de- 
sired to use more power than is ordinarily employed, the steam may be admitted to the cylinder 
d uring a longer portion of the stroke ; and when, on the other hand, in consequence of any cir- 
cumstances, it is wished to economize fuel by running moderately, the admission of steam may be 
cut off earlier in the stroke, and the steam consequently employed more expansively and economi- 
cally. This is effected by receiving two distinct motions in the valve gear. One is derived from 
th eccentric represented on the water wheel shaft, the other is derived from another eccentric beyond 
the first. Not corresponding in time with the first, by properly compounding the two motions, the 
first of which is employed to lift the valve, and the other to lower it, the valve is uniformly lifted 
and steam admitted to the cylinder at precisely the right moment ; i, e, at, or a little before, the com- 
mencement of the stroke under all circumstances, while by properly changing the motion of the valve 
from one agent to the other, at any early point in the stroke, the valve commences to be lowered, 
and arrives at its seat and cuts off the admission of steam to the cylinder before the piston has 
completed its stroke, the time of such '' cut off" varying according to the moment at which the mo- 
tion of the valve was transferred from one agent to the other. In other words, one agency is en- 
deavoring to lift the valve, the other to moderately close it; and the valve is allowed to cling to 
the first-named agent, until at a certain point in its elevation it is transferred to the other agent, 
and commences lowering. The time of its arriving in its seat may, by this means, be regulated 
very perfectly. 

' The importance of the expansive use of steam is too universally recognized to require much elu- 
cidation. It is well known that if the steam is allowed access to the cylinder during the whole 
stroke of the piston, the piston is urged with the utmost power of the fluid throughout the whole 
stroke, and on opening the exhaust valves, the steam escapes with great violence. If, however, 
the admission of steam be cut off, or stopped when the stroke of the piston is but half completed, 
only half the^quantity of steam will be consumed in the operation, and during the remainder of 
the stroke, the steam previously admitted will act by ex{)ansion, and will continue to urge the pis- 
ton onward, though with somewhat less force than before. This is termed working steam expan- 
sively, and is practiced more or less in all situations where steam engines are emploj^ed. In some 
extreme cases, as at the mammoth pumping engines in the copper mines in Cornwall, England, the 
steam is cut off as early as one twelfth of the stroke, that is, the steam is admitted at full pres- 
sure when the piston commences its motion, and the valve remains open till one twelfth only of the 
stroke is completed, after which the remaining eleven-twelths, is performed by the force of the ex- 
panding steam, and by the momentum already imparted or treasured up in the moving mass. 
Where, as in such instances, the mass of matter moved, consisting of immensely long timber pump 
rods, pump buckets, etc., is very great, expansion may be profitably carried to this extreme extent, 
but under ordinary circumstances in steamers, it is not well to cut off at less than about one fifth 
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of the stroke, varying from this to one lialf or two-tliirds. Ocean steamers generally cut off at the 
latter points, or, in general terms, points from one third to two-thirds of the stroke. In some, 
the point of cut off is variable or adjustable. The device employed on the Knoxvilleis simply one . 
of the best means of accomplishing this latter result. 

Leaving, for a moment, the proper order of the drawings, Fig. 88 is a plan, and Fig. 89 a side 
elevation of the cylinder, showing a valve motion on a larger scale than in the general view in 
Plate V. The p^rts are denoted by the same letters in both drawings, and a reference to both 
may be necessary to understand the whole. On the left hand side are the steam valves inclosed 
in the steam chests A^ A^. On the right hand side are the exhaust valves in the steam chests A^ 
A^. The valves are balance -puppet, and are quite fully represented in Figs. 166^ 167\ 

Plates V. aistd VIII. 

The stem of the upper steam valve is connected to one of the toes H^. The stem of the lower 
steam valve is connected to the crooked forging represented by JS'^^ in Plate V., and S'^^ in Plate 
VIIL, by which it is attached to the other toe H^, The toes H^ J?^, projecting in different direc- 
tions, must be understood to be separate pieces, and capable each of a vertical motion, indepen- 
dent of the other. 

The stem of the upper exhaust valve is connected to the left hand toe Ii\ The stem S'^^ of the 
lower exhaust valve is fixed to the crooked forging S^^^ and by this means united to the right 
hand toe i2^. 

S^ represents an open, triangular frame or lever, jointed to the cylinder at the apex, and to the 
eccentric rod at the right hand centre jS^, As the engine revolves, this triangular frame, there- 
fore, rocks or vibrates on the upper centre or apex with each revolution. The lower centre LP, 
carries a pin which is embraced by a hook on the jointed rod S'^ S^^ and thus conveys motion to 
the pins 6 and 7, which are fixed in arms descending from the rock shafts _Z2^^ H^^. Thus both 
these shafts are rocked or vibrated simultaneously by the working of the eccentric /S (See Plate 
V.) The triangular frame or lever S^ is represented distinctly in its place, in Figs. 88 and 89, and 
represented detached in Figs. 64, 65, and 66. The casting S^ is that by which the fixed pin /S"^ is 
bolted to the suitable projection or lug on the cylinder ^^^, before described. By elevating the 
hooks at the joint in the rod S'^ /9^, the connection between the eccentric and the valves is broken, 
and by lowering this joint it is again formed. This action, then, constitutes the operation of hook- 
ing and unhooking the engine. This operation is performed by the aid of the lever T^ (see Plate 
V.,) the rod T\ the lever T% the bent lever P and T^, and the curved slot in T^^ denoted by 
2^. JR is the starting bar, S}^ the starting lever in which it is inserted, W a connection leading to 
the levers R^ and H^, i^^ works the sleeve, equivalent to the trip shaft in ordinary engines, or 
in other words, works the short toes S}^^ so that either the upper or lower steam valve is open 
slightly when the starting bar M is much elevated or depressed. R^ is a three-part lever, jointed 
to the cylinder at 2, and to a lever H^^ which is fixed to the exhaust trip toes H^, There is an 
upright arm 3, on the lever J2^, and the pin 4, at its top, receives and carries the support at one 
extremity of the lever H^, The portion of this lever resting on pin 4 is wedge shaped, as repre- 
sented, and as the lever 3 inclines in either direction from perpendicular, the weight JR^ aids in 
carrying it over, or holding it in any given position. Thus the gravity of R^ is made to counter- 
balance the disposition of the valves to sink into their seats, or, in other words, to aid in working 
the valves by partially balancing their disposition to close. 
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Most or all of these parts are represented on a larger scale in tlie accompanying details. Figs. 60 
and 62 represent plan views of the connection S'^ S^. Figs. 61 and 63 are side elevations of the same 
parts. Figs. 64, 65, 66 and 67, have been described as the triangnlar lever and its attachment. 
Fig. 68 is a side view of a transfer arm for cut-off, which can be seen in Plate IX. ; it receives its 
motion by the eccentric S^ placed to the right. Fig. 69 is a top view of the transfer arm for cut 
off. Figs. YO and 11 are top and side elevations of a cut-off rod. Figs. 72 and 73 are respectively 
elevations and plans of the feed-pump rods, which are connected to A^, (See Figs. 36 and 36.) 
Figs. 74 and 75 are two views of the main crank on the water-wheel shaft. Fig 75 answers equally 
well for the other crank, 76, but it will be observed that the hole for the crank pin in Fig. 76 is 
something larger than 74, and is grooved in a peculiar manner, to allow the boxes or shells en- 
closed, which intervene between it and the crank-pin, to work slightly, in case the shafts should 
be, as they almost invariably are, more or less, out of line. This allowance for working relieves 
the parts from the immense strain which would otherwise come on them, in consequence of the 
parts being inadequately fitted up, or in consequence of a straining or working of the vessel in a 
heavy sea. Figs. 77 and 78 are two views of the unhooking rod T^. Figs. 79 and 80 are corre- 
sponding views of the bent lever, (represented as P and T\ in Figs. 88 and 89,) of which JB is the 
lifter to unhook the two rods jS"^ and /S'^ in connection with an eccentric hook on each rod, to unite 
in the pin IF\ as represented in Figs. 88 and 89. A A are the journals, G a lever forged solid 
to its shaft, I) a roller which turns on its pin D^ and works in the slot hole T^, Fig. 89, of the lever 
T^, In Fig. 80, the lifter, in an inclined position to the left, and marked 2), is the same as marked 
JB in Fig. 79. A^ A^ are the bolts. Figs. 81 and 82 show two views of the unhooking handle T^ 
and Figs. 83 and 84 two views of the hand lever J?^. Fig. 85 is the starting bar H^ made to fit 
in a suitable socket in i2\ and Figs. 86 and 87 are two views of rod^K^, which conveys the motion 
of the hand lever to the tfip shaft levers. 

Plate IX. 

Eepresents a grand transverse section of the ship complete. The letters of reference agree, gen- 
erally with the lettering of Plate V., already described, and with the lettering of the details on 
Plates VL, VIL, VIII. and X. 

We will now attempt to define and explain the peculiarity of the valve motion. There are, it 
will be observed, in Plate IX. two eccentrics S and /SJ one on each side of the engine. The view 
in Plate v., and also in Fig. 89, is from the left side of Plate IX. The eccentric there seen, and 
the action of which is understood, is the left-hand eccentric. The right eccentric S is set consid- 
erably in advance of the other. The valve motion has been already explained to consist in lifting 
the valve by one movement, and transferring it, at some point in the movement, to another motion 
which is closing while the first is opening. This last-named eccentric, seen on the right in Plate 
IX., performs the closing movement. It is connected to a bent arm not represented, except in 
Plate IX., but which connects to the part S^'^^ in Fig. 89, and gives jS^'^ and its attachments a rock- 
ing motion, independent of JS^^ and its attachments, and by which the motion of the toes S^ S^ 
are very effectually and ingeniously controlled. The toes jS^ S^ are loose on the rock shaft. The 
pawls or lifters S^^ are also loosely jointed thereto, and rest on rollers attached to i?^^, as repre- 
sented. When, for example, by the motion of the triangular frame S^j and the connection /S'^^ the 
part i?^^, in Fig. 89, is moved towards the left, it, by means of /S^^^ lifts the loose toe aS^^, and, con- 
sequently, the toe i2^ and the valve to which it is attached. But when the point of /S^^^ passes the 
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roller, it immediately slips over the same, and quietly commences to receive the motion of the other 
eccentric, which, it should be distinctly remarked, is at this moment rocking in the reverse direc 
tion, and commences immediately to lower the loose toe S^^ and, consequently, to lower the valve 
to its seat. By turning the screw S^^^ which is a right-and-left "screw, the parts to which it is at- 
tached are turned further apart, or drawn nearer together, so that this transfer of the motion from 
one eccentric to the other may occur earlier or later in the stroke, at pleasure. This cut off appa- 
ratus has been the subject of litigation, and is not, at this date, introduced on new engines. A 
few months will end the term of the patent with which it is supposed to conflict, and will, prob- 
ably, again see it in extensive demand. 

Fig. 90 is a side elevation, and Fig. 91 a plan view of the pillow blocks, two of which carry the 
water-wheel shaft. A^ is the shaft, ^^ the lower brass, and A^ the upper brass. Fig. 93 is a side 
elevation. Fig. 94 a plan view, and Figs. 95 and 96 end elevations of the trunnion pillow block and 
bed plate. In Fig. 93, G is the lower brass, and G^ the upper brass, between which the trunnions 
of the cylinder are supported. D is the foundation or bed plate, D^ is the pillow block cast there- 
on, D^ the cap or binder, D^ D^ keys, which aid in confining the inclined braces represented by J^ 
in Plates V. and IX. In Fig. 94, D'^ are projections to support the heavy exhaust pipes. D^ D^ are 
lugs, in which are secured stout transverse braces Z>\ B^ are the holding down bolts which con- 
fine the cap _Z>1 D^ D^ are upper and lower flanges of the bed plate, and 2>^ 7>^, etc., vertical 
stiffeners, extending between them. D^^ are libs or webs which strengthen the pillow block, and 
J9^^ represents a broad web on the under side, to aid in resisting vertical strains. It must be un- 
derstood that the centre of this casting is, at each revolution of the engine, violently urged down- 
wards by the pressure of the trunnions, a pressure which is resisted by the diagonal braces F at the 
ends, during one half the revolution. During the other half, similar strains are experienced in the 
opposite direction, that is, the trunnions are lifted upwards violently, while the diagonal braces F 
resist this pressure by holding the ends of the frame down ; in other words, whenever the steam 
in the cylinder acts above the piston, its tendency is, by pressing against the under side of the 
cylinder-head, to lift the cylinder, and, consequently, the trunnion pillow block, wdth immense 
force ; while with the steam below the piston, and pressing with its full power on the inside of 
the cylinder bottom, the tendency is downward to an equal extent. 

F^ Figs. 90, 91, and 92, represents one of the main pillow blocks ; F^ the cap or binder ; F"^ the 
holding down bolts, and F^ a flange, by which it is bolted to F^, See, also. Plates V. and IX., 
which latter are transverse castings, connecting the two pillow blocks together. F^ F^ are the 
ordinary deck timbers of the vessel. 

Fig. 97 is a side view of the trunnion pillow block, and the part where the steam exhausts. 
Figs. 98 and 99 represents the safety valve and mountings. A is the valve, A^ a stem by which 
it is guided in its seat, ^^ a rod connecting it to a j)in A^ in the lever ^, which lever is hinged at 
A^ to lugs rising from the cover or bonnet A^. A^ A^ represent two guides cast on A^^ and which 
serve to support and guide the lever B, <7 is the brass seat of the valve, and B the casting in 
which the whole is supported. F represents the interior passage which connects with the boiler. 
Fig. 100 is a vertical section of the injection valve, which admits cold water to the condenser. 
A is the valve, B is the valve stem, B^ a stout square thread thereon, and C'the valve seat. The 
threads B^ act in a brass piece, firmly tapped into B^ the cover or top casting. F F forms the 
top and bottom of the stuffing box, and F the passage through which water flows to the condenser. 
6r is a passage communicating with the outside of the ship, and ^the casting in which the whole 
is enclosed. 
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Fig. 101 is the screw-stop valve. A is the valve,^ the stem, 6^ the hand wheel, £^ the thread, 
jB^ the nut or female screw, 2) the bottom casting, ^ the gland, JS^ the bolts, and ^^ the stuffing 
box. JL^ is the brass seat, i^ the passage which leads the steam from the boiler, G the passage 
which leads to the engine, and JTa hole on which the safety-valve case, Fig. 98, is placed. • 

Fig, 102 is a side elevation and end view of the crank pin. £ is the part firmly secured in the 
principal crank, and A the part loosely fitted in the .other crank on the water-wheel shafts. The 
space between these bearings is embraced by the brasses on the head of the piston-rod. 
Fig, 103 are braces to combine the bed plate with the main pillow blocks. 
Fig, 104 represents one of the water-wheel shafts, the heaviest forging on the ship. A receives 
the crank, \S is the bearing in the pillow block, Ca broad collar which carries the eccentric, JEJS 
and \^ the respective rests for the stout cast iron water-wheel flanges, to which latter the arms of 
the water wheel are bolted, jS'Ms the outboard journal 

Fig. 105 is a side view, Fig. 106 a plan, and Fig. 10 Y an end elevation of the support for the 
fixed centre /^ of the air-pump lever. It consists of a stifl:' casting IT fixed in the deck beams ^S/^, 
by the bolts JSf^ as represented, which latter are supported by the timbers M M^ JIP J/V ^"^^d the 
castings and JK^^ the last named of which rests directly upon one of the kelsons P. 

Fig. 108 is a side elevation, 109 an edge view, 110 a plan, and 111 a horizontal section of the 
guides for the air-pump cross-head, a portion of the engine which cannot well be shown in either 
Plates V. or IX, Fig. 112 is a side view, partly in section, and Fig. 113 is a plan, of the gearing 
represented by U^ in Plate V, Fig. 114 is an elevation, and 115 a plan of the stand, hand-wheel 
and check-wheel, shown by similar letters in Plate V. The hand-wheel W^ by means of the rod 
77^5 turns the gear-wheel Z7Vwhile the check-wheel Z/'^ serves to hold it firmly in any position. 
Fig. 116 represents the bevel gearing and small lever worked by the aid of a stand and v/heels 
similar to those just described, by which the rod I^, (Plate V ,) which connects to the throttle-valve,* 
is worked. Fig. 119 shows the ends of the rod Y enlarged. 

Fig. 120 is a side elevation, Fig. 121 a plan view, and Fig. 122 an end elevation of the spring 
bearing ^", shown in Plate IX. It supports the main or water-wheel shaft JL"", at the points 
where it passes through the side of the ship ; and care is taken to arrange it in such a manner as to 
allow the ship and engine to work, to a limited extent, independent of each other, by the aid of 
the elasticity of the materials. The great weight, aiid other strains to which the water-wheel 
shafts are subjected, is, therefore, principally received on the pillow-blocks JE and the outboard 
hearmg A"". A"" is the section of the shaft. ^ is the stout shell enclosing the whole. ^ is a 
box, cast with shallow rectangular recesses next the shaft, as represented, which are filled with soft 
metal. (7 is a bar of iron standing across the front, and secured with bolts 0\ by removing which, 
the box ^ may be removed at pleasure. D D represent wrought iron keys which retain JB in posi- 
tion fore and aft., and allow it to be very nicely adjusted, so as to receive a proper amount of the 
propelling force due to the action of the wheel upon the water. 

Fig. 123 is a side elevation, 124 a plan, and Fig. 125 an end elevation of the outboard bearing, 
shown as A"^ in Plate IX. A"", in dotted lines, (Plate XL,) is. the small end of the shaft. JS is the 
stout casting in which the whole is supported. are vertical keys, one of which is tapered, as in 
dicated in Fig. 123. D, Fig. 125, is one of the bolts by which the weight is supported. £J is a 
flange to aid in transferring the weight to the longitudinal timbers of the guard. \F ^^ Fig. 123, 
are simply bolt holes, whereby it is fastened, and 6^, Fig. 125, is a key which holds the upper 
box in place. Figs. 126, 12Y, 128, and 129, show the keys independently, marked with the same 
lettef*s of reference. 

■r 
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Fig; 130 is a representation of boiler-plates, to raise the joui'nal of the outboard bearing. Fig, 
131 is a top view, 132 an end view, and Fig. 133 a side elevation of the upper box, which is of cast 
iron, with soft metal linings. Fig. 134 is a top view, 135 a side elevation, and Fig. 136 a front 
view of the lower box for outboard bearings. 

Fig. 13Y 'shows the means adopted for tightening the packing around the piston-rod. Figs. 138, 
139, 140, 141, and 142, represent independent views of the several parts. The design is to com- 
press the packing uniformly, and without stopping the engine. Q G O O are the bolts, provided 
with nuts, which carry at their bases the ratchet-wheels represented. C^ are palls catching in the 
teeth of the said ratchets. C^ are levers. D is a centre for the additional lever. JEJ and F are 
connections, whereby a reciprocating motion, given to E by the aid of the hand-bar represented, 
is communicated to the whole. Fig. 142^ is almost a duplicate of the drawings. Figs. 139 and 140. 
It represents those levers which are most distant from E^ and which, consequently, have no pro- 
vision for conveying the motion further. 

Figs. 143, 144, and 145, are portions of the railing employed about the engine-room. 
Fig. 146 is a plan of the upper deck of the engine-room. B B represent the cast-iron flooring, 
and 6^ the circular stairs leading to the deck below. Fig. 14*7 is a plan of the next floor. This is 
the deck from which the engine is controlled. A is the top of the cylinder. A^ is the top of the 
air-pump, and A^ the air-pump guides. B is the flooring of iron. C the stairs. The other letters 
refer to the same parts as indicated by similar letters in Plates V. and IX. Figs. 148 and 149 are 
two additional views of the straight or lower stairs, and Figs. 150 and 151 two views of the base 
thereof, on a larger scale. 

Figs. 152, 153, 154, 155, 156, 157 and 158 represent the valve motion, already briefly described. 
(See pages 45 to 48, and figures 88 and 89,) and which will now be more fully elucidated. 
' Fig. 152 is a side elevation. Fig. 153 a plan view, and Fig. 154 an edge view of the motion 
employed to actuate the exhaust valve. B in these figures represents the exhaust-valve shaft, 
(the part indicated by B^'^ in Figs. 88 and 89.) The extremity of a B is simply turned smaller to 
serve as a journal. A stout arm, a D^ projects downward from the rock-shaft _5, and to the ex- 
tremity of this is secured a pin, a G^ as represented. This pin receives motion from the action of 
the eccentric (through the rod 8^^ Figs. 88 and 89) and thus gives the proper rocking motion to 
the shaft B, B^ B'^ are two forgings, each entirely independent of the other. Each is made to 
embrace a fixed rectangular bar, which extends downward from the exhaust chest above. Each 
is, therefore, capable of a vertical motion, sliding up and down on the said bar. The one on the 
left in Figs. 88, 89, 152, and 153, is firmly fixed to the stem B^ of the upper exhaust valve, the 
fastening being made by the aid of a nut on the latter, as represented by dotted lines in Fig. 152. 
The similar forging on the right side of the exhaust motion in the same figures is rigidly connected 
by the stout forging 8^'^ to the stem of the lower exhaust valve /S^^l The two forgings B'^ B'^ are, 
therefore, capable of being lifted separately, and thus of independently working their respective 
exhaust valves. The-rock shaft B^ which is immediately beneath the lower horizontal faces of 
these forgings, has two stout arms, or 'Hoes," represented by T T\i\ Figs 152, 153, and 154, and 
by B'^^ in Figs. 88 and 89, which toes project in opposite directions, and as it is rocked they alter- 
nately raise and lower these forgings, and consequently the valves, (Fig. 166,) which are attached 
thereto. It will be noticed that the upper faces of these "toes" T T are curved slightly, so that 
they raise and lower the valves by a motion which is gradual at both its commencement and its 
termination. 

This completes the arrangement for working the exhaust valves, except the provision for work- 
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ing by hand. When the engine is unhooked, the rock-shafts become stationary, and the valves can 
only be lifted by the hand gear (shown hj R, M\ E\ E\ R\R\ and B\ Figs. 88 and 89.) The 
parts of the mechanism in immediate connection with the exhaust rock-shaft are shown very fully 
in Figs. 152, 153, and 164. R^ is a lever rigidly connected, not to the rock-shaft itself, but to 
a loose shell or saddle resting thereon. The other extremity of said shell carries two stout toes, 
H H^ projecting in opposite directions,. similar to, but shorter than, the toes T T^ by the side of 
which they are mounted. Their very moderate length prevents their lifting the valves to any 
very considerable height, but gives them increased leverage, so that it is easy for the engineer, by 
working the starting bar R^ to rock the toes H in either direction, and thus to control the admis- 
sion and escape of steam alternately, at either end of the cylinder, at pleasure. 

The motion of the steam valves is more complicated, except in regard to the hand gear. Fig. 
155 is a side' elevation. Fig. 156 an edge view, and Fig. 157 a plan. Fig. 158 is a view of the 
further extremity of an internal shaft, which, passing within the rock-shaft proper, traverses across 
the steam passage by the side of the cylinder, and receives on the pin jB, at the extremity 
of the bent arm, the motion of the other eccentric, which is set considerably forward of the first, 
and which effects the lowering of the valve. A certain portion of the valve motion is fixed on 
this internal shaft A^ which is the rock-shaft proper, while another portion is fixed on a sleeve A^ 
loosely surrounding it, or rather on an arm A^ which extends downward from this short sleeve. 
The hand gear connected to the lever i2*, and working the short toes -S in the manner already 
described for the exhaust- valve motion, is mounted on the rock-shaft, exterior to all the rest. 

The forgings R^ R^ are independent of each other, are both mounted loosely on rectangular 
fixtures projecting downwards from the steam chest, and are each connected to a separate valve, 
being, in all respects, precisely like the corresponding forgings on the exhaust-valve motion. A^ 
is the arm with its sleeve A^ working loose on the rock-shaft A. It carries a pin /S'^, and through 
this receives a rocking motion from the principal eccentric through the agency of the rod /S"® (Plate 
V.) (7 (7 are rollers carried on the widely-extended end of the arm A^. S^ S^ are loose toes. They 
are mounted on the rock-shaft and are jointed at their extremities to the loose and peculiarly 
shaped lifters S^ S^^ as represented. 

The casting A^^ to the left of Fig. 156, is keyed firmly on the internal rod A^ or the rock-shaft 
proper, and consequently receives the motion of the other eccentric. This casting, which, like all 
the other parts of the valve motion, is finely finished, extends forward under the rock-shaft, and 
supports the endless right-and-left screw D, There are two moveable pieces _£", carried in a 
curved groove, as represented on the front face of ^^, and the position of these is controlled by 
the right-and-left screw, so that, by turning the latter in one direction^ the moveable pieces ^ will 
be separated, while the turning in the reverse direction draws them together. There are rollers 
on the lower edges of these moveable blocks JE^ which afford a very easy and smooth means of 
receiving and discharging the rounded corners of the lifters S^, 

The operation of the valves by the hand gear is simultaneous with, and similar to, that of the 
exhaust valves. When the starting bar R (see Plate V.) is depressed, the lever R^^ and conse- 
quently the rod R% and the two levers R^ and R^ are raised. The final result of depressing the 
starting bar is to raise the lever j5^, and consequently to raise the right-hand toe JB of the steam- 
valve motion (Fig. 155) and thus open the upper steam valve, and admit steam above the piston, 
while it also, acting through i?'^, depresses the lever R^ of the exhaust motion, raises the right- 
hand toe H^ and consequently the lower exhaust valve, and allows the steam to escape from below 
the piston. Reversing the position of the starting bar R closes these valves and opens the others, 
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and changes the motion of the piston, by allowing the steam previously admitted above it to es- 
cape into the condenser, and supplying fresh steam below. 

When the engine is ^'hooked on," by elevating the handle T^ and allowing the rods /S"^ and /S"^ 
to catch and receive motion from the pin TF^, (Fig. 89,) the exhaust valves are raised and lowered 
by the longer toes ^^ Fig. 152, in a manner similar to that by the hand-gear, except that they 
are I'aised higher. The steam valves also, if their motion depended entirely on that of the arm 
A^^ Fig. 156, would move in a similar manner, and the steam w^ould be allowed free access to the 
cylinder during the whole stroke of the piston. But it follows, from the form of the lower end 
of the loose lifters /S"^, that they are raised at the proper moment by the motion of ^4^, resting 
meanwhile in the position of the one on the left side in Figs. 89 and 155, until it rises above 
the corresponding roller on the block ^, when it immediately slides up on to the latter. As this 
portion is fixed on^^, which latter is actuated by the other eccentric, and consequently commences 
to return considerably in advance of A^, it follows that the lifter /S"^, and consequently the loose 
toe /S"^, and the corresponding steam- valve, rises until the lower end of /S'^ is thus transferred from 
one situation to the other ; but immediately on this taking place, it commences to descend. 
The time in which the valve reaches its seat depends on the position of the blocks ^, on the face 
of the part A^, If, by turning the screw D^ the blocks ^ be brought very close together, as rep- 
resented in the figure, the valves will close and cut off the admission of steam to the cylinder at 
a very early point in the stroke, but if, by turning D in the contrary direction, the blocks ^ be 
very widely separated, the transfer v/ill take place at a later period, and the valve will not reach 
its seat till near the end of the stroke. The lifter /S'^, on the right side of Figs. 89 and 155, is 
represented in the position it assumes after the transfer described and while the valve is closing. 
At or near the termination of the stroke of the piston, whatever may be the points of "cut-off," 
the parts invariably assume such a position that the lifter S'^ again assumes by gravity the position 
between ^ and 6^, proper for lifting the valve. 

Figs. 166^ and 167^ are vertical sections of the balance puppet-valves, 166^ being the exhaust 
valve, made in two parts bolted together, and 167^ the steam valve, which latter is in one piece 
complete. It will be observed, that they are each equivalent to two horizontal disks rigidly con- 
nected. The seats corresponding with each disk are shown by dotted lines. The pressure of the 
steam on these disks tends to balance itself, but a slight surplus is allowed to press each valve down 
upon its seat. ' The space between the disks is, in every instance, in free communication with a port 
leading to the interior of the cylinder. Fig. 167^ is the steam valve. The pressure of the steam 
on the top of the upper disk is a little greater than that on the bottom of the lower disk, and the 
result is, a tendency in the valve to cling tightly to its seat. Fig. 166^ is the exhaust valve. In 
this valve the steam is endeavoring to escape fi^om the space between the disks into the vacuum 
which exists outside. It is, therefore, politic to make the lower disk the largest, and as this ren- 
ders it impossible to insert the valve complete from above, it is made in two parts as represented, 
the lower part being inserted through the exhaust opening from the inside of the cylinder. 

Figs. 159 and 160 are different views of the loose connection of the crank-pin with one of the 
cranks. The design of this kind of connection is explained on page 47. It compels the rotatory 
motion of the crank to be communicated without requiring that perfect coincidence of position 
which would be necessary were the fennection absolutely rigid. In short, the shafts may be out 
of line, to a limited extent, without any serious effect. Fig. 159 shows a section of the drag-crank 
in a plane parallel to the axis of the crank-pin. Fig. 160 shows the means of securing the piec 
which fit against the flat sides of the pin. (See Fig. 102.) 
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Fig, 161 is a side elevation, 162 an edge view, and 163 a plan, of one of tlie eccentrics, with its 
strap and eccentric-rod. ^^ is the hole to receive the main shaft. B is the eccentric of cast iron, 
finished with a deep groove around its periphery, to retain the strap. O (7 are two pinching or set 
screws which hold the eccentric in place on the shaft, and allow it to be set forward and backward 
at pleasure, to facilitate the economy of steam or the smooth working of the engine, as it frequently 
happens that thumping, or other faulty working of the engine, is found to result in practice from a 
very slight deviation of the principal eccentric from its proper position, a deviation which can best 
be found by experiment. D^ is the strap, D the rod, and ^^ are braces to stiffen and strengthen 
D. F is the stub-end connecting to the pin /S'V^ig- 89, and H H are right-hand and left-hand 
screws, which, by the aid of a suitable coupling, connect the parts, and allow the rod to be very 
accurately extended, or contracted to any small extent. 

Figs. 164 to 167, inclusive, are the valve stems, all differing slightly in proportions, to fit their 
different uses. The lower stems are in two pieces, coupled at F, The upper parts are adjustably 
secured to the flat forgings S^^ and ;S!^- , by the nuts B B, The lower portions pass through the 
stuffing-boxes in the top of their respective chests, and are secured to the valves by keys in the 
seats which press the valves tightly against the collars represented. FF are the finished ends? 
which pass through corresponding fixed guides, and maintain the correct position of the valves, 
laterally. The upper stems resemble the lower ones, except that they are in one piece. 
Fig. 168 is the air-pump rod or link, connecting to the air-pump lever. 

Figs. 169 and lYO are two views of one of the bilge-pump rods, ^ is a slotted piece, secured 
by the bolts B B, and which retains the pin 6^ in the hook, as represented. The pin C^is fixed in 
the cylinder (a 16, Plate IX.) I) is the hinged connection to the plunger of the pump. 

Fig. lYl is an edge, or fore-and-aft view, and Fig. 1^2 a side view of the ends of the link H 
(Plate v.), which connects the top of the piston-rod with the air-pump lever, and gives motion to 
the latter. Both ends of this link are alike. Fig. 173 and 1Y4 are enlarged views of F^ Fig. 161. 
Figs. 1Y5 and 1^6 represent two views of the ends of the air-pump link, both ends alike. Figs. 
1Y7 and 1^8 are corresponding views of the end of the secondary eccentric-rod, where it connects 
to the pin .5, in Fig. 158. 

Fig. 179 is a longitudinal section of one of the boilers. Fig. 180 represents an end. elevation of 
the same. Fig. 181 is a plan of the top of the steam chimneys, showing how the two boilers are 
joined so as to discharge the products of combustion into one smoke-pipe, or chimney. Similar 
letters of reference refer to like parts in all these figures. A is the grate on which the coal lies 
in a tolerably even stratum. B B are the screw-valves, and O O the hand-wheels, which govern 
them. F is the flange, uniting these pipes to the boilers or steam chimneys, and G the short 
pipe leading the steam from the valves. H H are the slip-joints which are packed like stuffing- 
boxes, and allow the central T shaped pipe B^ to vfork slightly, as the straining of the vessel may 
demand. B^ is the flange joining this pipe to another, which conveys the steam of both boilers 
to the engine. C^ (7^ are the safety-valve levers of their respective boilers. C^ C^^ Fig. 18Y, are 
flanges, connected to suitable waste-pipes, to lead off the steam blown from the safety-valves. V 
is the steam room in the boiler, or that portion of the interior which is above the water-line. 
V^ V^^ etc., are the first series of flues, leading from the three furnaces to the back connection V^, 
By reference to Fig. 180, it will be observed that the lower of these flues in the central furnace is 
as large as the upper ones, but in the two other furnaces they are made smaller, for want of room* 
V^ V^^ etc., are the two tiers of return flues, leading the hot gases from V^ to the front connect- 
ion V^ ; from this connection or chamber they rise through the passage represented to the base of 
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the smoke-pipe V\ The dimensions of all the parts are given on the drawings, and any explana- 
tion of the theory or practice connected with the construction and management of boilers is ren- 
dered impossible by the limited space at our command. We have endeavored to present all the 
principal points of importance connected with the engine of this magnificent steamer, making all 
the explanations as full and familiar as possible, in the hope to make the whole intelligible, even 
to those whose practice has been heretofore confined to very different styles. We will simply 
add, very briefly, in conclusion, a description of the process by which the cylinder-cover is removed, 
ah operation which some have supposed, fi^om the peculiar compactness of the framing, could not 
be performed without taking apart the w^hole framing. The piston is accessible from below by 
the removal of the small casting a 8, Fig. 1, and the piston is sepai^able from the rod by this 
means, it being confined only by a nut. After effecting this separation, hoisting out the piston- 
rod, and turning the crank into its highest position, it is easy to remove the cylinder-cover, by 
turning it on edge, and the piston may as readily be removed in the same manner. The opera- 
tion, therefore, of repairing or exchanging these important parts, involves little or no more diifi- 
culty than in many forms of engine, while the great stiffness and strength due to the triangulai* 
form of the framing, makes it worthy of imitation, wherever circumstances allow it. 



THE PASSENGER LOCOMOTIVE 

''TALISMAN." 



The locomotive is the latest, and, in some respects, the grandest development of the steam-engine 
Prior to the first really successful experiments in this branch of steam engineering, which took 
place in 1830, there were some, even among those familiar with stationary and marine engineering, 
who stoutly maintained, that a carriage moving itself with the boiler and all its appurtenances by 
steam alone, could not be made a practicable and useful construction, Now there are some 12,000 
in actual use. There are many locomotives which transport loads from ten to fifty times ex- 
ceeding their weight. On a trial of a new and powerful broad-gauge locomotive on the New York 
*and Erie Railroad, in the autumn of 1855, a locomotive, weighing thirty-three tons, hauled, with the 
ordinary speed of freight trains, one hundred freight cars heavily laden with lumber, over all the 
level portions of the road. The whole mass, including the engine, tender, cars, and lumber, was 
computed to have weighed over 1,800 tons. 

There is no branch of steam-engineering which has undergone more frequent modifications. 
The size has been v^ery gradually increased since the introduction of the primitive machines of this 
character in Great Britain. The weight of the modern locomotive exerts so serious an influence 
on the track, that the distribution, size, and arrangement of the wheels, is a matter of great im- 
portance. The ability to travel rapidly depends, to a certain extent, on the size of the driving- 
wheels, while, on the other hand, the power to pull with great force necessarily requires wheels of 
small diameter. The practice in this respect, for passenger-engines, has experienced several fluc- 
tuations, the present general preference being for those of less diameter than were constructed a. 
few years since. The location of the engines, or cylinders, the arrangement and kind of valve 
motion, the location and kind of feed-pumps, and other minor details, all effect, to a greater extent 
than might be supposed, the general design and arrangement, as also the efficiency and durability of 
the structure. The relative, size of the furnace as compared with the other portions of the boiler, 
and in short, the proportions and form of the boiler itself, is also an extremely important considera- 
tion, as is also the means for promoting and regulating the draught, to incite an intense combustion 
at will; 

The locomotive " Talisman," one of the latest constructed by the highly popular New Jersey 
Locomotive and Machine Company, is represented in side elevation by Plate XIII., and will be 
represented in detail in the several succeeding plates. The weight is principally supported on 
two pyirs of driving-wheels, coupled together in the ordinary manner, but the forward end is car- 
ried on a swivelling truck, with smaller wheels. As is usual with American locomotives, the cyl- 
inders are placed on a level with the axles of the driving-wheels, and are outside of the track, or 
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in general language, the engine is outside connected. The valve is a single slide, actuated by the 
link-motion, but with an improvement recently invented by Messrs. TJhry and Luttgens, whereby 
some of the principal difficulties incident to this motion are overcome. 

Plate XIII. is a general side elevation. Fig. 1 is an outline, partly in section, of the same view 
and Fig. 2 is a plan. 

Plates XIII. and XIV. A is the outside fire-box or the portion of the boiler containing the furnace. 
A^ is the barrel or cylindrical portion, the latter being thickly covered with felt, or wooden lag- 
ging, to preserve it from the radiation of heat. A^ and A^ are domes, or elevated portions, from 
which the steam to supply the engines is taken by a pipe traversing the interior. A^ is the smoke- 
box or stout case into which the products of combustion flow through the tubes. A^ is the ash- 
pan, from which the air to support combustion is allowed to rise through the grate. JS is the 
chimney or smoke-stack, and^Hs the wire netting which serves to prevent the too ready escape of 
sparks. J3^, ^^,and JB^ are the means by which ^^ is secured. 6^ is the cylinder, O^ is the piston- 
rod stuffing-box, (7^ is the steam-chest, or the valve-chest, into which the steam is freely admitted, 
to be supplied to the cylinder by the action of the valve within. D is the piston-rod, and D^ the 
cross-head carried in guides* i)^ i>l D^ is the yoke or frame supporting the outer ends of the 
guides, and 2>^ is the connecting-rod leading from the cross-head to the crank-pin on the first pair 
of driving-wheels. G JE is the outside or parallel rod which connects the crank-pin on the first 
with that on the second pair of driving-wheels. JE^ JE^ are the stub-ends fitted with means for 
very nice adjustment, and jE"^^^ are the brasses or boxes which are made to entirely cover and in 
close the ends of the crank-pins, .^is the axle, F^ the counterbalance, and F'^ the rim or tread 
of the hinder or secondary pair of driving-wheels. G\% the axle, G^ the balance weight, and (9^ 
the rim of the forward drivers, H H are the wheels, H^ the spring, H'^ the spring-strap, and 
H^ a lower brace or tie of the swivelling truck. / is the upper arm of the rock-shaft or rocker^ 
/^ the valve connection or valve-rod, 7^ the valve-stem, and Z^ the axis of motion, or the rock- 
shaft proper, c/is the slide-valve, which alone performs all the operations of admitting, cutting- 
off, and exhausting the steam from the cylinder. JTis the lever which actuates the throttle-valve 
L is the link, a piece of mechanism of great importance in actuating the valve ; 1} is a lever in the 
hand of the engineer. It controls the position of the link by the aid of the rod X^, the bent lever 
or its eq^uivalents L^ and Z^, and a small linkZ^, by which its weight is transferred to the lower ex- 
treniity of the latter. Jf is an eccentric rod, and Jf^ the eccentric. iV^is.an additional eccentric rod, 
and N'^, the corresponding eccentric. The last described rod iV^ is connected to the bottom, the 
first, J[/, is connected to the top of the link X, and being nearly opposite to each other, they im- 
part a rocking motion to the latter, the intent or effect of which will be explained further on. O 
is the cam-rod, (?^ is the cam, and Q^ the cam-yoke. P is a supplementary rocker attached by its 
centre to the lower arm F oi the main rocker 1, It is joined to the cam-rod 0^ and carries on its 
other extremity a pin, which is carried in a block moveable in the curved slat in the link i. 

Q (^ are waste cocks; ^^ is a rod which connects the levers of Q Q ; Q^ is a slender lever 
hinged to^^; Q^ is a light rod hinged to the upper extremity of §^, and by the aid of which the 
engineer is enabled to work the latter, and consequently to open or close the waste cocks ^ Q at 
pleasure. When these cocks are open, there is a free communication between the interior and ex- 
terior of the cylinder (7, at each end, so that any water arising from the condensation of the steam 
is very rapidly and violently expelled. These cocks are closed so soon as the cj^linder becomes 
thorou.ghly heated. M is the frame to which is secured all the working parts of the mechanism. 
If aH the parts of a locomotive were of an uniform^ temperature, the attachment of the frame 
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would be very simple, but, as tlie boiler expands very considerably more than the frame, in con- 
sequence of the greatly increased heat when steam is raised, it is necessary to provide for this, by 
allowing the heavy mass to slip endwise within the frame at one end. This provision is m.ad.e at 
JR^ on the side of the fire-box, the frame i? being bolted firmly to the boiler at the forward end, 
and allowed to slide at pleasure to a certain limited extent at the point designed. The whole 
frame for one side of the engine is a single forging. The jaws which embrace and confine the 
boxes of the driving-wheels, are forged and finished separately, but each with a short piece of frame 
attached. To the ends of these short pieces the straight parts of the frame are subsequiently welded. 
R'^ forms a triangular truss, bolted upon the main frame, which serves to stiffen and strengthen this 
portion. i?^^is a transverse beam of hard wood, covered with sheet iron, connecting the side frames, 
which are let partially into it as represented, i?^ is a seat on the right-hand side of the foot-board, 
and i? ^ are uprights which support it, and also support the segment X^, which detains the lever X'. 
8 is (in Plate XIIL) a single acting plunger-pump, lying horizontally, and receiving the plunger S^^ 
which latter is fixed to the cross-head D, S^ is the valve-box; S^ the ingress-pipe, and jS"^ a case 
which encloses the check-valve, through which the feed water is allowed to flow into the boiler. 
S^ is the suction-pipe, through which the water is admitted to the pump. The supply contained in 
the tender is admitted to S^^ through a cock S^^ which cock is controlled by the engineer through the 
agency of the rod jS^, This cock being partly closed, the water is not allowed to pass with suffi- 
cient freedom to fill the entire capacity of the pump, and there is consequently less water forced 
into the boiler than would be supposed from the drawings. T^ T^ are merely steps to aid in 
mounting the engine. F" is a rod to open the cock attached to the feed-pipe S^^ which is in com- 
munication with a short lever to the said rod. 

W is the pilot or '' cow-catcher," which has the effect to throw off any large obstruction, and pre- 
v^ent its getting under the wheels. It is a stout frame of wrought iron, attached to the front beam 
jB^ of the frame, so that it can be removed at pleasure. On the occurrence of deep snows it 
may be covered with boards, and made to plow open the track, throwing the snow on each side, 
or it may be removed altogether, and a heavy " snow-plow," supported on small wheels, provided 
for the purpose, may be allowed to take its place. Xis a side rail of single iron bent to correspond 
to the contour of the driving-wheels, and which supports a light flooring, on which the engineer or 
fireman may travel forward on the machine to oil or examine any part. X^ is a hand rail 
supported on posts X^. The forward post contains a socket, in which is inserted a flag-staff, 
to give any signals which the rules of the road may require, in regard to whether a train is follow- 
ing or the like. Y^is a stout stand bolted upon i?, and which by the aid of the equalizing lever 
Y^, is made to sustain or to throw upon the wheels a large proportion of the weight of the 
engine. [These parts are lettered /S^and aS' ^ in Plate XIV.] The very stout half eliptic springs 
F^ and 6r^, (Plate XIV. Fig. 1,) are supported at their centres by a connection to the boxes 
on the axles of the driving-wheels, and the weight of the whole hinder portion of the locomotive 
is transmitted to the ends of these springs by the straps and levers represented. S^ suspends the 
frame i? directly to the forward ends of the spring G^^ and a similar strap suspends the frame at 
another point to the hinder end of F^. The other ends of the spring are connected by similar 
straps, not to the frame i?, but the ends 8^ 8^ of the equalizing lever 8'^^ which is free to rock on 
the pin in the stand 8. The effect is to ensure an equal strain on the springs F^ and G^ under all 
circumstances, and so materially soften the effect of inequalities in the track. When either 
driving-wheel passes a joint or other inequality, the lever 8"^ rocks slightly, and causes both 
springs to feel the shock equally. Z Z^ etc., are boiler braces which transfer the weight of the 
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boiler to the frame i?. There are four on each side, the forward, round, and obliquely placed, 
resting on i?^; the others, flat, and standing more or less oblique in a transverse direction, resting 
d^irectly on H, The upper ends Z^ are flattened and riveted to the shell of the boiler. 

We will endeavor to explain the details of this engine as fully as consistent with the limits of 
our work. These volumes are intended to meet the wants of men and apprentices of very various 
acquirements. While with the most advanced engineers and designers it is valued chiefly 
as a collection of reliable detail drawings of the latest and best specimens of engines, there are 
many amateurs, owners of steamers or of manufactories, foreign artisans, etc., to whom the more 
general features of some of these structui'es are new, and, without explanation, quite unintelligible. 
In the endeavor to serve all classes,— -to make our volume explain itself in the libraries and 
academic institutions, as well as in the workshop and draughting room — we are compelled, briefly 
but distinctly, to give explanations, which in the absence of these considerations may seem unne 
cessary and puerile. 

The slide-valve J, (shown on a larger scale in Figs. 22 and 23, Plate XV,) presents the readiest 
means known for controlling the induction, expansion, and eduction of the steam used in the cyl- 
inder. All these operations are performed by sliding the valve-stem P backward and forward» 
The precise motion of this rod, therefore, is a matter of great moment. The link Z, (as represented 
in Figs. 1 and 3, Plate XIV.,) presents the simplest means known of controlling the motion of this 
valve. This device, sometimes known as the "Stevenson Link," is constructed in two styles, each 
of which has its peculiar advantages ; but with either, the motion of the valve may, by a simple 
movement of a lever, be reduced nearly to nothing, and by a further movement of the same lever, 
be reversed so that the engine will revolve in the opposite direction. The link is open, as repre- 
sented, and one arm of the rocker I is attached to a block (P^, Fig, 9) fitted in the interior, 
which block fits tight in any point therein. When, by a movement of i\ the link L is low- 
ered so that the link-block _P^ stands at its upper extremity, the valve receives a throw of some 
five inches, admitting the steam freely so as to induce a forward motion of the engine. When the 
link L is raised a little, there is less motion to the valve, and this motion diminishes until the link- 
block stands in the centre of the link, when its motion is only § of an inch, and as there is just that 
amount of outside lap on the valve, no steam is admitted to the cylinder during any portion of 
the stroke. By raising the link higher, so that the link-block stands in the lower jDart of the link, 
it is actuated in the other direction in the same manner. . By proportioning the parts aright, and 
giving a proper curvature to the link, the motion of the valve is so controlled, that by elevating 
the link to various intermediate degrees, indicated by notches on the segment i^, (Fig. 1,) the 
steam is admitted to the cylinder, during various portions of the stroke, at pleasure, so that by 
this agent is attained facilities for using the steam with various degrees of expansion. The stroke 
of the piston being 22 inches, the steam may be allowed to follow 20 inches, or cut off at 4 inches, 
as may be desired ; the first being termed the lowest, and the last, the highest " grade of ex- 
pansion.'' 

The unavoidable defects of the link motion, are due mainly to the fact, that the motion of the 
valve is very slow. There is but a small opening of steam port on the higher grades of expansion, 
in consequence of which, the steam is withdrawn, and its pressure in the cylinder greatly reduced. 
There is also on the high grades of expansion, a too early commencement of the exhaust ; and al- 
though this may be remedied by giving considerable inside lap to the valve, this modification in- 
volves a great compression before the piston, toward the termination of the stroke, an evil of some 
importance, especially to an engine travelling at a slow speed. The improvement introduced in 
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this and several other of the latest engines from this establishment, is the invention of H. Uhry 
and H. A. Lnttgens, and was patented in 18e55. Its mechanical construction is simple — durable, 
— requires little more space than the common link motion, and is controlled in the same manner, 
by one reversing lever from the footboard. It can be applied to any style of engine, and consists 
simply in a supplementary or differential rocker, suspended on the lower arm of the main rocker. 
This differential rocker has for its fulcrum, the block within the slot of the link, while its lower 
arm is moved by a cam of regular form, thereby modifying the motion of the link in its effects on 
the valve ; but as the leverage of the differential rocker is as one to one and two-thirds, the power 
to move the valve mainly devolves upon the eccentrics, except at the higher grades of expansion, 
when the throw of the link being reduced, the cam becomes more effective. By providing the 
lower arm of the differential rocker with a slot or several holes, in order to increase or decrease 
the effects of the cam, a valve motion may be adjusted with an accuracy and efficacy which the 
common link motion is entirely incapable of. 

The practical objections against a regular cam motion for a locomotive valve gear — ^the too sud- 
den action of the valve — is in this case removed, the resistance or power to move the valve being 
always more or less divided between the eccentrics and the cam drawn and its pressure on 
the cylinder considerably reduced, thereby rendering the otherwise economical application of 
the highest grades of expansion in locomotive engines almost impracticable. 

A too early and slow exhaust, destroying partly the benefit of the expansion, for which the 
present but insufficient remedy is the inside lap, which not only increases the compression, but 
also tends to choke up the exhaust. 

An arrangement which removes these defects must evidently be a desirable object, especially 
when such an arrangement is free from practical objections and difficulties in construction. 

Uhry & Luttgen's improved link motion, not only obviates both the above stated defects, but 
also secures several other advantages. 



DETAILS. 

Fig. 3 shows, on the same scale as Figs. 1 and 2, the cam (9^, the cam yoke 0^, cam rod (9, and 
auxiliary rocker P, Fig. 5, the latter being almost concealed behind the link i. Fig. 3. It shows, 
by a dotted circle, the position of the pin on the lower arm of the rocker /, which forms the axis 
of motion of the supplementary rocker. The point where the link-block stands in the link i, is 
indicated by the curved slot shown by dotted lines in the lower arm of the rocker. These parts 
are rather obscure in Plate XIII., but are distinctly and correctly shown in all the following figures, 
Figs. 1 to 11. 

Figs. 4. and 5 are portions of transverse sections of the locomotive. The dotted line above and 
between them shows the relative location of the boiler, and the smaller circle on the right, the 
locale of the cylinder. The stands 0^, and the slight link 0^, which supports the cam-yoke (9^, is 
shown in Figs. 1, 2, 3, 4, 6, 7, 10 and 11. The forward eccentric Jf^, and the backing eccentric 
JSf^^ are distinctly shown in Figs. 2 and 4. The collars are provided merely as a precaution against 
a possible loosening of the eccentrics, and a slipping sideways of the axle G^, 

Fig. 5 gives the clearest possible view of the peculiar novel parts, the place of the curved slot 
in the lower arm of the rocker being indicated by -P. 

Figs. 6 and 1 give enlarged views of the cam 0"* and cam-yoke 0^. Cams designed in this 
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manner, so as always to fill the space between tlie parallel sides of the interior of the yoke, are 
'much used in. the high pressure engineering of the interior, to give motion to the valves both of 
stationary and of river boat engines^ as, by properly laying out the cam, almost any motion de- 
sired can be imparted to the valve or valves. Instead of a crank motion, like that given by eccen- 
trics, hanging almost, but not quite, motionless at the ends of the throw, and then smoothly and 
more rapidly passing along the middle of its motion, to be checked and turned back in the same mod- 
erate manner at the other extremity of the motion, a rod, carrying a yoke, impelled by a cam, may 
be made to stand perfectly fixed at each end of its motion, and so leap almost instantly from one 
extreme position to the other. Still more, it may, by giving a suitable shape to the cam — which 
may be ascertained by experiment or a circle laid off in divisions — be made to throw the valve 
into an intermediate position, and to hold it there during a sixth or any other small portion of a 
revolution, and then complete the motion. The slide valves of many small stationary engines are 
worked by this means in such manner as, by giving considerable lap to the valve to secure tolera- 
bly well the advantages of expansion, without seriously retarding the exhaust. On engines liable 
to work as rapidly as locomotives, however, the violence of the very sudden jerks induced by such 
means proves very destructive. In combination with the eccentric motion derived from the link- 
however, in this device, it is believed to be quite innoxious, and is proved of great advantage, as 
will be shown below. With the form here adopted the motion is rapid, but not violent, from one 
extreme to the other of its motion. 

Figs. 8 and 9 are enlarged views of the centre Z*, and the lower arm Z^, (marked P in Fig. 5,) 
of the principal rocker, and also of the auxiliary rocker jP, jointed at its lower extremity. Fig. 
9^ is the other and outer extremity of the rocker shaft /^, with a small portion of the upper arm 
Z, which carries the valve-rod Z\ (Fig. 1.) 

Fig. 10 is an enlarged view of the stand to support the cam-yoke, 0^0^ being legs which rest on 
upper surfaces of the boxes which embrace the driver axle. Fig. 10^ is a section^ showing the form 
of the inner faces adapted into corresponding V shaped vertical grooves in the boxes. 0^ (Fig. 6) 
shows a slight bolt which serves to confine the stand firmly in place. Fig. 11 shows the slight sus- 
pending link 0^ (Figs. 3, 4, and 6,) enlarged. 

Figs. 13 and 14 are views of the piston, showing the peculiarity in the means for setting out the 
packing, which are omitted in the general drawings. Owing to the rapid motion of locomotive 
pistons, and the high pressure of the steam employed, the proper setting out of the packing rings 
against the interior of the cylinder is a matter of great importance. The packing, if too slightly 
pressed against the cylinder, allows a leakage, and if, on the other hand, it be set out too tightly, 
it consumes power wastefuUy in friction, and, what is worse, wears out the packing and the cylin- 
der. The packing springs, as usually arranged", are set up by turning nuts on the interior of the 
piston, which nuts are accessible only by taking off both the end of the cylinder and the follower, 
and the difficulty of doing this induces the too common evil of postponing the necessity for a fre- 
quent attention to this duty, by setting it up very tightly at long intervals. The arrangement here 
adopted, the invention of Geo. R.' Hoagland, of Port Jervis, N. Y., provides for setting out all the 
packing springs by turning a single screw, and that without removing the whole cylinder end. 

The notation in these figures is independent of that in the other portions of the locomotive. Jc 
is the piston-rod, B the piston, (7 the bolts, B the follower, E a kind of componnd nnt secured on 
the;end of ^, ^ a screw tapped through E^.F^ a check-nut to confine jP, G a conical wedge at- 
tached to F^ and JT suitable rods extending from a contact with Gr to the centres of the respective 
springs I. The lower spring B is stiffer than the others, to sustain the weight of the piston. K 
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is the packing. The piston as represented in Fig. 13, at the extreme end of its forward stroke, and 
consequently very close to the cylinder rod. L is the cylinder end, and X-^ is a cap tapped in X, 
containing sufficient space to allow j^to enter. By simply turning the cap i^ it is removed, and 
then by applying the wrench to the screw F^ and driving forward the cone (r, the rods H are^ 
thrust outward, and the packing extended as much or little as may be desired, after which the cap 
L'^ may be replaced, the whole operation being performed in a very few seconds. A portion of 
1} is made hexagonal, as shown in the extra drawing annexed, so as to facilitate the removal and 
replacing of the same. This device has been but a short time in operation, but has so far 
recommended itself very heartily, and will probably come into extensive use. 



Plate XV.- 

Fig. 14 represents a longitudinal section, showing the interior of the boiler, fire and smoke-box, 
the connections of steam-pipes, engine-truck, and frame. A top view of the engine-truck is fully 
illustrated in Plate XVI., Fig. 36. The steam-pipes G^ and (7^, Fig. 14, are fastened on both ends 
to the boiler, in the manner as shown at O^ and AT^ Drawings on a larger scale of the parts 6^^, 
being the throttle-valve chamber, and O^ a continuation of the steam-pipes, are clearly and fully 
represented in Plate XVI., Figs. 48 to 51, and will be more particularly set forth with their impor- 
tant arrangements, when we explain that figure. The upright pipes marked, 6^^ (J^^ in Fig. 14, ex- 
tend into the stea:m-dome A"^ and A^, and. are fastened at its lower end to the horizontal steam- 
pipe, for the purpose of taking up the steam from the domes in a dry state, and then passing through 
the horizontal |)ipes to the throttle-valve 6^^, and from C^ into the steam-chest and cylinder. A 
throttle- valve rod K^ K^ extends frqm the engineer's stand, through the interior of the horizontal 
pipe, fastened to a lever on one end, which is illustrated in Figs. 24, 26, 26, and 2^7, on a 
larger scale, and on the other end operates the throttle- valve, either to limit the communication 
of steam to the steam cylinders, or to shut it off entirel)?-, as circumstances may require. It will 
be seen by the capacity of the fire-box ^, and the low placing of the fire-grates A^^ that wood is 
used in the Talisman for the production of steam. The difference of a wood and coal burner con- 
sists mainly in the dimensions of the fire-box ; a wood burner requires not so much grate suiface 
as a coal-burning locomotive. The whole space between the fire-grate AJ" up to the door 
through which the supply of fuel is made, can be filled with wood without deadening the fire, which 
is on the contrary with a coal-burning engine ; the fuel must be kept to a certain height to gain the 
full advantages by the consumption of it, the proportions and dimensions of which will be given 
in a treatise hereafter, that will describe the construction and its peculiarities for the building of 
a locomotive and other stationary engines, and will be commenced with its calculations, when we 
have described a series of the most valuable and important engines that have lately been built 
and constructed. 6^^, Fig. 14, is the exhaust-pipe, connected to the side of the fire-box, in direct 
communication with the exhaust of the cylinder, and is fastened in the same manner as the steam- 
pipes C^, which are clearly shown in Fig. 48, Plate XVl. A"" A""^ Fig. 14, are strong braces which 
are secured in the square braces over the fire-box, to stiffen the upper part of it, fully to sustain 
the pressure of the steam, which is very great, upon its surface. The sides, front, and back part 
of the fire-box are strongly secured with rivets in the manner as shown at A^ in drawing Fig. 14. 
The steam domes A^ and A^ have on the top cast-iron covers A"" and C"^ of which the latter is 
supplied in the centre of it with a steam whistle A"^^ also with a safety-valve, more particularly shown 
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ill the longitudinal view of Plate XIIL are copper tubes, riveted and kept with iron 
rings on the fire-box, and only riveted on the back part of the boiler-heacL. 

The cylinders O (7 are firmly secured with bolts M M M to the sides of the smoke-box A'^] 
and to prevent the least vibration, strong cross-braces, above and below^ to the cylinder's flanges 
connect them in opposite directions, to keep the cylinders in a firm position, as shown in Fig. 41, 
representing half a section through the fire-box, and the other half an outside view of the same. 
The engine-truck of a locomotive is usually placed under the smoke-box, and rests on a strong cast- 
iron piece N N. called the centre-pin, which is bolted on the bottom of the smoke-box with an extra 
piece of sheet-iron, that reaches the two engine frames on the two extreme ends, and. is firmly secured 
to them; see Figs. 14, 36, and 41. The centre-pin then rests upon a cast-iron plate N^^ which 
has two wrought-iron braces A A on the bottom part, extending to the truck-frame H^ 
TI^^ bolted to the same; two square braces A A^ bolted on the top of the centre plate, reach the 
truck-frame and are secured with bolts to it. The fore part of the locomotive then rests upon the 
four braces in connection with, the truck-frame, the lever 6 6, and pieces of wrought-iron 8 8 8 8, 
which rest directly upon the journal of the truck-axles, and levers Y ^ Y Y, connecting the spring 
H^ with the lever 6 6, Fig. 14, causing a downward pressure upon the journals 4z 4: 4c L Fig. 15 
is the main connecting-rod, connected at D^ with the crosshead which is fastened to the piston-rod, 
and at i?^ communicates its pressure to the centre-pins D^ D^,n.s shown, (in Fig. 2,) — these centre- 
23ins are well fitted into the driving wheels 0^ G'^, 0^ in Figs. 15 and 16, is an oil cup; JB B B B 
bolts which firmly secure the straps in its place ; a a^ two keys with a screw a^, to keep the two 
keys in such a position as to prevent any unnecessary friction by the brasses upon the centre-pins, 
•^or heating and unnecessary wearing may be the cause of such a neglect. Figs. Vl and 18 is a par- 
allel connecting-rod, combining the two driving wheels (7^ _Z^^, Fig. 2, by its centre-pins D ^ E^, The 
only difterence between this connecting-rod and that of Figs. 16 and 16, consists of an additional 
key to the right, for the purpose of making the two journals correspond with the distance of the 
two driving axles B"^ and {?^ Fig. 18 is the bottom view of it. 

Figs. 19 and 21 are side views, and Fig. 20 a top view of the crosshead, of which ^is a key to 
fasten the piston-rod J9, in the crosshead D'^ D^, The centre-pin D^ is cast solid to the crosshead 
made of cast-iron, and is exactly finished on the vice. The same pin can be made separate, turned 
on a lathe, and bolted to the crosshead, and is done so in many instances where labor is not taken 
mto consideration. F F are bolts for a plate on one side of the piston, and on the other, Vv^hich 
is on the outside of the locomotive, fastened an attachment (?, to carry the plunger 8^ of the pump 
through the whole stroke of the crosshead. S'^ is a nut for the fastening of the plunger S'^ to its 
attachment, which is fixed to the crosshead by the bolts F F F. 

Fig. 22 is a side view, partly drawn in section, and Fig. 23 is a top view of slide-valve attach- 
ment, of which c/is the valve, P P B F the valve stem, B valve rod, Zthe pinion which is at- 
tached to the rocker Z, as shown in Fig. 2. B is an adjusting piece, with a screw and jam nut, 
1 ^, for the purpose of making the valves correspond with their openings. 

Figs. 24, 25, 26, and 27, are parts of the throttle-valve fixture, of which K^ is fastened to the 
rod K'^^ as shown in Fig. 14. K^^ of Fig. 24, is bolted to the front of the locomotive, where the en- 
gineer stands, in such a position to make it convenient for him to regulate, through the handle ^^, the 
admission of steam to the cylinder. The short lever K^^ in connection with the small wheel K"^ 
by a thread and the long lever JS", represents a very ingenious mechanical arrangement to keep 
the lever ^in a firm position for the admission of steam through the throttle-valve to the cylin- 
der, as the engineer may find proper. 
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Figs. 26 and 27 show details on a larger scale of parts of the Figs. 24 and 25, of which 2 is a 
screw, 3 a nut, and K'^ a wheel and nut which, by turning the wheel tight, will have the effect as 
before described. 

Fig. 28 is a side view, and 29 a top view of the eccentric straps, made of cast iron ; M is the 
eccentric rod; 111 bolts; J/^ straps; 2 2 bolts ; 3 an oil cup. 

Figs. 30 and 31 represent the driving-wheel pedestal with adjusting wedges. F^ of it is a 
lower cover kept firmly by two bolts P^^ P^ The adjusting wedges P^ _P\ are raised or lowered 
by the screws P P^ having each two jam nuts, to bring the driving-axle boxes either to the right 
or left. P"^ P'^ are two bolts to hold the adjusting wedges P^ P^ in their proper place. 

Fig. 32 is a longitudinal section view. Fig. 33 a front view. Fig. 34 a bottom view, and Fig. 35 
a top view of the boxes for the driving axle. A of it is brass, G C cast iron, B a lower recepta- 
cle, of cast iron, for greasing the journals, C^ Q^ two bolts to keep that in its place, C^C^ recesses 
for flat iron bars, marked 8 8, in Fig. 14, which rest upon the journals in the manner as previously 
described. 

Plate XVI., Fig. 39, is a top view, and Fig. 40 a side view of the cylinder and steam-chest. 
0^ G^ flanges of the cylinder, the depth of which is shown in the side view. A^ is the entrance 
for the steam into the steam-chest 6^^ (71 A\% the opening when the steam enters into the same, 
and exhausts through the rectangular hole A} into A}, B B are the two steam entrances to the 
cylinder and exhaust openings, whenever the steam returns from the cylinder and exhausts into 
the chimney of the locomotive, the arrangement of which is more particularly shown in Fig. 41, 
being the square section of it marked G^. The exhaust steam, that passes by its force into the 
chimney, increases the draft sufficient to carry off the smoke and combustible gases without any 
further aid, and is therefore considered of some importance for the purposes as previously stated. 

The materials for the cylinder (cast iron,) must be very compact and hard, to prevent friction 
and wearing between the piston-rings and cylinder ; the cylinder is usually made of harder and 
compacter iron than the piston-rings, which wear on the inside surface of the cylinder. Piston 
rings can be easier renewed, and it is therefore advisable to make them of softer material — rather to 
wear them out than the inside surface of the other. That part of the cylinder which is covered 
by the steam-chest must, or ought to be, very hard, where the steam-valves move over the steam 
and exhaust openings, to prevent its wearing out and any unnecessary friction, which would other- 
wise be the case in some degrees, when such parts are not of the requisite hardness. Fig. 41 repre- 
sents, half to the left, a section view, and the other, to the right, a front view of the fire-box ; also, 
showing the engine-truck cylinders, lying in opposite directions, on the sides of the front part of 
the boiler. G^ is the throttle-valve casing, conducting the steam, in two pipes (7^ 6^^, to the right 
and left into the cylinder G G. 6^^ G"^ are steam-chests. (7^ G^ G^ cylinder flanges, bolted to the 
side of the boiler, and at its lower part to the engine frames. G^ is the exhaust-pipe; tubes; 
E"" a door, supported at E with hinges and a pin, in opposite directions supplied with some simple 
mechanical contrivance to keep it shut, or to open, if circumstances may require to do so. P"^ is a 
small door to remove ashes which may collect on this place. A} is a strong wrought-iron beam, 
fastened in opposite directions to the engine-truck frame, marked H"" in Fig. 36. -A^ is a centre- 
pin ; N^ a plate ; A braces bolted on the top of N^ and the truck-frame. B is the chimney 
showing, to the right, an outside view, and to the left a section of the same. AH the other parts 
have been heretofore explained. 

Fig. 42 is drawn in a manner similar to the previous figure, showing to the right, an outside view 
from the back part of the locomotive, where the engineer and fireman stands ; to the left, a square 
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section view tliroiigli the fire-box, representing the grate-bars 1 1 II^ in section, the tubes 0^ 
braces for upper part of fire-box M and A"", A'^ a section view through the steam dome, with two 
safety-valves A^ placed to the light and left, for the engineer to examine the pressure of steam 
in the boiler. _2^ is a lever which communicates in connection with a rod to the throttle-valve, 
and is moved by the engineer to regulate the quantity of steam to be used in the cylinders. 
JSf N N are three gauge-cocks. Steam must come out of the top one when the engine is running ; 
but when the engine is at rest, the water in the boiler is rather lower than when it is in motion, 
and is therefore high' enough if it just reaches the middle gauge-cock. IJ^ is the re versiilg lever, 
supporting and turning on its centre at L"" a cast-iron stand, bolted on the flooring where the engineer 
and fireman, stand. P is a door, secured through hinges P^ P^ and a pin to this part of the boiler? 
in such a manner to open and shut it as maybe required by the fireman, to make a fresh supply of 
fuel to the furnace, for the production of steam. /S^ is a strap to support the lever S^ — those parts 
are marked Y and Y'^ in the longitudinal view of the locomotive, Plate XIII. Similar letters 
of reference indicate the same 'parts which are previously described of those figures. 

Figs. 43 and 44 is the feed-pump to supply the boiler with the necessary quantity of water for 
the evaporation of steam. The casing of the pump-valve and the two air chambers are made of 
composition, and highly polished. The plunger 8'^ is of a hard quality of wrought-iron, and is 
the part which is fastened at 3 in connection with an attachment to the crosshead Z)\ Plate XIIL, 
will carry the plunger through the whole stroke of 22 inches, and at each outward movement of 
the plunger draws the water into the pump, and on the contrary movement forces the same 
through the opening of the valve A^ air-chamber /S^^, and feed-pipe S^^ and to the check-valve 
Fig. 45, in raising the valve B^ and enters into the boiler, either cold, or heated to a boiling de- 
gree by a pipe connected to the suction pipes and top of boiler by a small cock shown in Fig. 42, 
which can be set to admit the proper quantity of steam to the suction-pipe and tender to heat the 
water. 8^ is the suction-pipe through which the water is drawn into the air-chamber 8^^ of which 
C^^ is a pipe extending downwards and cast to the same to allow a free space for air or steam to 
collect, which would otherwise injure the perfect operation of the pump in some degrees. The 
water enters now the pump between the openings of the valve and valve-seat \5 and^^, and 
forced by the return of the plunger into the other compartments as heretofore described. The 
upper and lower air-chambers are bolted by 3 bolts, and kept, by an intermediate cylindrical piece 
8^ cast to the pump barrel /S, at its proper distance. All the joints on this pump are ground to be 
air and water tight, under an equal pressure as in the boiler. 8^ \% a pipe cast to the air-chamber 
and extended downwards to allow a surrounding space for compressed air, which will, in many in- 
stances, prevent the bursting of pipes by the operation of the feed-pump. /S'^ is a stuffing-box 
which is kept by two bolts to its seat. B'^ and A ^ are valve-seats, A and B valves, A ^ and B^ 
guides to prevent the valves from raising any more than is necessary to allow the quantitj^ of 
water to pass through. Too much raising of the valves prevents the pump to deliver the full 
quantity of water, as a part of it will return into the suction-pipe if the valve does not immedi- 
ately fall on its seat. Fig. 46 is a front view, and 4Y a side view of the slide-yoke. D^D^ w> the 
yoke, D^ the slides which are bolted with a single bolt in the yoke 2>^, which is well braced with 
a rod 2> ^ to the boiler, and two other braces above and below to the engine frame P, Fig. 48 
represents a section view through the steam pipes and throttle-valve, of which B B B B ar^ 
cast-iron rings well ground in their seat, to keep the joints steam tight. A A are two bolts througl 
the centre of the pipe O^^ with two nuts 1 1 and 2 2 above and below to keep 6^^ and C^, to 
gether. The inside nuts require grinding^ on their seat to keep that part tight, D D D D are foui 
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bolts holding the pipes C^ Q^ to the flanges of the cylinders, and kept tight in the same manner 
as already set forth. Fig. 49 is an outside view of the part C^. Fig. 50 is a longitudinal section 
through the throttle-valve chamber, jST^ of which is the valve, K^ a rod, and K^ a bolt, to prevent 
the valve from going any further ; they being placed over the centre of the openings to shut off all 
communication of steam with the cylinders in that position. Fig. 51 is an inside view of the cover : 
the valve seat and cover are cast together, and can easily be taken out and repaired if necessary. 
The following are the dimensions of the locomotive Talisman : — 



Diameter of cylinder, . 




ITii 


Length of stroke, . . . . 




22 


Length of fire-box, 


4 feet 5 


Width " " " 


3 


" 11 


Depth « " " . 




65 


Length of fines, . . . . 


11 


u 


Outside diameter of flues. 




3 


Space between flues, . . , . 




f 


Area of grate, . . . . 


11 


" 3 


Length of boiler, including fire and 






smoke box, . . . . 


18 


" 1 


Diameter of boiler. 


3 


" 11 


Diameter of boiler near smoke-box, 


3 


" 9i 


Diameter of driving-wheels, . 


. 6 


" 6 


Face of driving-wheels, . 




5f 


Copper flues, .... 


. 153 


pieces. 


Diameter of steam domes. 




21 


Height of steam domes, . 




22 


Diameter of main steam-pipe place(3 






in the interior of the boiler. 




5i 



Diameter of steam-pipe near cyhn- 

der, . ... .. . 4^ inches. 

Diameter of plunger for feed-pumps, 2 " 

Stroke of plunger, . . . 22 " 

Diameter of chimney, . . . IS^- " 

Diameter of main driving-axle, . 6J " 

Diameter of centre-pin on the main 

driving-wheel, . . . . 4 " 

Diameter of centre for the outside 
journal, . . . . . 3 " 

Diameter of piston-rod, . . 2J " 

Depth of piston, . . . . 5-|- " 

Diameter of valve-stem, . . li " 

Pressure in boiler, 100 to 120 lbs. 
One cord of wood (dry pine) to run 60 miles. 
Length of fire-box for bituminous coal-burner, to pro- 
duce the same quantity of steam, 5 feet 9 inches. 
Length of fire-box for anthracite coal-burner, 6 feet, 
with the addition of a combustion chamber, pro- 
jecting some 24 inches into the barrel of the boiler. 
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MANAGEMENT, CALCULATIONS, 
AND DRAUGHTINa. 



We propose now to devote a few pages to an elucidation of the management of steam-engines, 
and more particularly of marine and locomotive engines, with calculations for proportioning, and 
the best method of draughting the same. Stationary engines, though very numerous and im- 
portant, are usually very similar to one or the other of these varieties; the small high-pressure 
stationaries being quite analogous to the locomotive but less complex and easier of management, 
while the larger condensing stationaries are very similar in their general treatment to the various 
classes of marine constructionvS.. Stationary engines and boilers may in general be stouter and 
more cumbrous,, and may occupy considerably more room than either of the varieties referred to 
of similar power, and in general we may assume, that parties competent to construct or manage 
those more compact and complex constructions, can find little difficulty with a stationary of a 
character in anywise analogous. We will therefore briefly treat, first on the management of loco- 
motive and marine engines and boilers;, and subsequently on the calculations and draughting of the 
same. 

MANAGEMENT OM THE LOCOMOTIVE. 

A prominent and extremely important part of an engineer's duty, while out on the road, is the 
observance of signals.. The systems of signals vary on different roads, so that no rules can be 
given therefor, except that he should make it his business to study and become perfectly familiar 
therewith, so as to be at no losa how to act when an exigency may arise. On some roads minute 
printed instructions are given, providing for every possible case, and on all the proper signals both 
to be made and to be observed by the engineer are distinctly established, and their observance 
should, as rapidly as possible, be made a matter of habit, never for a moment to be neglected 
under any circumstances. Continual vigilance is expected and required on the part of an engi- 
neer while running. On some roads he is expected to stand at every moment with his hands in 
position for action, the left grasping the throttle and the right the reversing lever. On some 
roads the engineer is made responsible for any accident due to running upon a misplaced switch 
or turntable, and on all roads a proper regard for his own safety, as well as for that of the train 
behind him, demands a constant and extremely careful attention to all his multifarious duties. 
The hours of active service are usually few in comparison with those of many other professions, 
and the whole energies of the man are expected and demanded during this period. 

Beyond a proper watch over the track, the engineer's chief duty is to regulate the manner of 
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firing and tlie supply of water. In firing, tlie door imust be kept open as short a time as possible, 
the furnace should not be crowded quite full, and the wood or coal, should never be thrown 
against the tubes. If an engine has a variable exhaust, open it wide in firing, to slacken the 
draught, and as soon as the door is closed, contract the exhaust to quicken the draught. At any 
rate, it is best to keep the damper wide open in firing, so as to draw some air directly through 
the fire, although much more will necessarily draw in at the furnace door. Every engine should 
have double dampers, one on the back side of the ash-pan, so as to save trouble in snows. The 
fire should never be put out by throwing water in the furnace, as the sudden cooling may set the 
tubes leaking. The damper can be shut, and the brands drawn out with tongs and extinguished 
outside. The fire should be very low on reaching terminal stations— enough to reach the engine- 
house is just right. A good fire should be on when approaching ascending grades, so as to go up 
with a good head of steam. The furnace may be also filled just before reaching a roadside 
station, the steam being partly shut off, so as to give a light draught. The engine will then have 
plenty of steam in starting. An engineer should be careful to slip his drivers as little as possible, 
as it not only strains the engine, cuts out the tires, and endangers a serious fracture .of the 
parallel rods, but wastes steam, and consequently wastes fuel. 

In regulating the water, an engine will work drier steam when the water is rather low; but 
great care should be taken not to allow the water to become too low, and great care is required 
not to be deceived by the gauge-cocks, especially when the engine is working heavily ; the color 
of the exhaust can be generally taken as a tolerable indication of the state of the water. Care 
must be taken not to overpump the boiler^ as well as not to let the water get down. In over- 
pumping, water is wasted, and all the fuel it has taken to heat it up — so also the engine is strained. 
The boiler should be well filled on approaching bad grades, way stations, and especially terminal 
stations. On long levels, and on down grades, the boiler can be supplied with one pump but a 
very little on. Pumping up checks the formation of steam, and care must be taken to pick the 
best places in the road for pumping. In standing for any length of time, the fire should not only 
be checked to prevent blowing off, but some steam may be turned into the tank, to heat the 
water, thereby saving wood. 

The valves and cylinders require to be greased with melted tallow according to the character 
of the road. If steam is shut off in running down grade, more tallow should be put in the cylin- 
ders than would otherwise be necessary. If the engine is about to encounter a heavy pull, on a 
grade, the valves should be well oiled to prevent sticking. If the valve-motion is reversed in 
bringing up at a station, hot air will be pumped in out of the smoke-box, and more grease will 
be required to prevent the packing from becoming cut out. The cylinders should always be 
greased before going into the engine-house, so as to prevent rusting. The cylinders are of course 
oiled while the engine is in motion. The bearings will require oiling about every time the engine 
• stops for wood and water. 

An examination should be made of the principal bearings, also a glance at the keys, and at the 
nuts, and other parts of the running work, as often as the engine stops for any length of time. 
The bearings, especially after any repairs, or after the boxes have been taken up, should be 
looked after, and if found heating, should be taken out and examined, when the difficulty may 
discover itself in a bad fit, or rough rubbing surface. 

An engine runs freer and works drier steam with the throttle only partly open— or at least not 
entirely open, unless the throttle-ports are very small. 

The pistons require to be looked after certainly once a month, and generally oftener. Allusion 
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was made on page 60 to tlie prevailing tendency to set ont tlie packing of tlie piston very tightly 
at long intervals, instead of, as it should be, to maintain at all times only sufficient tightness to 
prevent the leakage of steam. Pistons working as tightly as is frequently allowed, abrade and 
enlarge the interior of the cylinder tenfold more rapidly than wonld result from proper manage- 
ment. Packing which is new, or with cylinders newly bored out, will require extra care. So with 
cast-iron rings. It can be told by the sound of the exhaust, if the pistons are blowing through. 

The outside case around the smoke-pipe must be kept clean, by emptying it daily, unless the 
sparks are allowed to run back through a hole into the inside pipe, and to burn up in the smoke- 
arch. In going through stations and covered bridges, shut tlie damper. Avoid as much as pos- 
sible the necessity of throwing green wood on a low fire just before reaching such places, as the 
engine is thus most apt to throw sparks. The damper should be fitted tight, and should of course 
be closed, or nearly closed, while waiting at stations. 

Never slip the tender or car-wheels by the brakes. Slipping heats and softens the chill, thus 
making a fla^t spot. 

The boiler must be kept clean, by blowing off as often as the nature of the water requires it. 
With hard, brackish or muddy water, the boiler will require to be often blown ont, and in 
such cases there should be a blow-off cock at both ends, the front one being in front of the smoke- 
box, with a pipe back through to the bottom of the tube-sheet. The back cock should be either 
on the side or hind end of the furnace, so as not to throw up dirt in the bearings. The boiler 
should never be blown off with a fire in, or nnder a considerable head of steam, as it is liable to 
be burned in one case, and to be too suddenly cooled in the other. There should be only steam 
enough left to get the engine into the house. 

We have on page 36, alluded to the liability of boilers to throw water instead of steam into 
the steam-pipe. Locomotive boilers are likely to foam in the following cases : — When the steam- 
room is small; when the boiler is new, or has had repairs in it which have left grease and dirt 
inside ; where the water is bad. In the first case, the water should be run as low as it can safely 
be, and care taken not to slip the wheels. In the next case, use care also, and use sugar in the 
boiler. For bad water, use care and blow off frequently. 

For scale in boilers, a handful of mahogany saw-dust will tend to loosen it, when it may be 
blown out after the next trip. A powder is sold which will loosen scale, and is said not to injure 
the boiler. Scale, by coating the tubes, destroys their conducting power, wastes heat, and is 
liable to burn out the tubes. 

A leaky boiler may be sometimes made tight by putting a few potatoes inside. 
The water spaces around the furnace need looking after. If they fill up with mud, the sheets 
will burn through. 

The pumps require care, to be sure they are in working order. They are watched by the pet- 
cocks, and by the rise of water at the gauge-cocks. If they fail the valves must be taken down 
and examined, and the obstruction removed. 

The red-lead joints require to be packed with, putty of a firm, even consistency. The stuffing- 
boxes are best packed with hemp soaked in warm water. The sulphur in India-rubber eats off 
the screws of the stuffing-boxes. The packing should never be left in the stuffing-boxes until it is 
rotten and burnt, as it then scratches the rods in contact with it. 

In taking off and putting on the cylinder-heads -and steam-chest covers, the nnts must be loosened 
lightly all around in taking off*, and tightened in the same manner in putting on. Finished bolt- 
heads must be driven only with a copper hammer, and. nuts tightened only with a wrench. 
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III keying up the boxes of the connecting and parallel rods, the rods must be set to a good fit 
by trying them first in one phice and then barring the engine half a turn along. The engine 
must stand on an even rail, with the boxes at the same height in both pedestals, when the jDarallel- 
rod boxes are fitted. The outer box at one end, must be a little slack so as to let one box rise or 
fall in the jaw without straining the rod. 

When the pistons are examined, it must be seen that they are not working out of the true 
centre of the cylinder. When the piston is at the forward end of the cylinder, the spider or 
head falls, by its weight, below the proper place, unless the bottom springs are set to a little liiore 
tension than the upper springs. 

Each eccentric should have its projDer place marked on the axle, and the valve-rod should 
have its mid-throw position and its right lead marked on it. If the eccentrics slip, the effect can 
be heard in the exhaust, wdien the marks wall help to get the eccentrics into their right places. 

The truck and driving-wheels must be observed occasionally, to see that they are not working 
oft' the axles. 

The engineer must thoroughly canvass his resources, and be prepared, as far as possible, for all the 
various minor accidents which are liable to occur. When a tube fails, a wooden or metallic plug, 
must be driven into each end of it. When a leak from this source, or any other, becomes so great 
that the level of the water in the boiler cannot be maintained, it wdll be necessary to remove the 
grate-bars and extinguish the fire, in order to save the other tubes and the fire-box from injury. 

If any accident happens to the connections or valve-motion of one cylinder, w^hen on the road, 
the rods on that side, and the parallel-i*od on the opposite side, must be detached, the valve set 
midway, so as to cover both ports, and held there, and a trial made to get the engine in with a 
single cylinder. If one parallel-rod breaks, take the other off*, and make the best of the way to 
the next station, or, if possible, to the end of the trip. 

If a spring strap breaks, the spring can be held temporarily with a chain, if one is on the 
engine. 

There have been cases of the throttle-valve becoming detached when the engine was running, 
so that the steam could not be shut off. In such a case, v/ith a link motion, throw it into mid- 
gear and apply the brakes to stop. With V hooks the cut-off valve must be set to cover its ports, 
unless it works on the back of the main valve, when the steam must be Immediately let down 
and the engine reversed if there is danger of running too far. If the engine gets off the track, 
but only so that the wheels just drop between the rails, it can be again run on with its own steam, 
by laying sticks of wood right to lead the engine on. Or, the w^heels may be jacked up until 
the flanges are a little above the rails, and the engine then swayed over the rails by another jack- 
screw, braced against the wheels. 

We cannot well prolong these suggestions without encroaching too much on our limited space, 
we must pass to the next subject. 



MANAGEMENT OF THE MARINE ENGINE. 

The position of chief engineer of a sea-going steamer is one of the greatest responsibility in the 
profession, on account of the very serious nature of the results which may accrue from a failure 
of the power in an emergency. There are usually a sufficient number of assistant engineers to 
form two watches complete, wdthout an absolute necessity for the personal inspection of the chief, 
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and on the assistant engineers mnst necessarily rest a great share of responsibility in regard to 
every detail. Some chief engineers make it a rule to visit the engine and fire-rooms at an nnex* 
pected moment in each watch, even in good weather and with every thing working favorably. 

Steamship engineers are usually put in charge of all that directly relates to the propelling 
power, including the boilers and the fuel. The boilers require much attention both at sea and in 
port, especially if they be complex tubular constructions. The great points at sea are, the firing, 
the feeding, and the blowing off; the great points in port, the cleaning and repairing. If the 
boiler be blown off by means of blow-off' cocks, the operation should be performed twice in the 
watch, or once every two hours. The feed should be so set that the water will rise in the course 
of two hours from a little below the middle to near the top of the glass gauge tube ; the rule be- 
ing to blow off so frequently or so much as to prevent any accumulation of scale within the boiler. 
In every oase in which there is an acGnrmilation of scale in the hoilei% the fanlt lies 'with the engi- 
neer^ who is either ignorant of his duty or inattentive to it. 

In boilers furnished with brine pumps, reliance must not be placed upon the pumps always act- 
ing well, and once every watch some water must be drawn off from the boiler to be tested by a 
salt gauge, to see whether it is too salt or not. When the water has been evaporated to such an 
extent as to reduce its volume some three or four fold, the saltness becomes so excessive that solid 
salt is liable to form upon the exposed surfaces. The saltness of ordinary sea-water varies some- 
what in different places, but as a general rule, there is about one pound of salt in every thirty- 
three of sea-water. When by boiling, the proportion of salt is increased to about 3%, the forma- 
tion of a scale, consisting mainly of salt, is likely to commence. It is important therefore to 
blow out a portion and to supply its place by new, so often as to keep the water fresher than /s ; 
but on the other hand, every exchange of hot water for cold diminishes the supply of steam or 
increases the consumption of fuel. To ascertain the saltness of the water as accurately as possible, 
hydrometers or salinometers are employed on many of our best steamers. In the absence of these 
instruments, an engineer may make one for himself in the following manner: — Take a glass phial 
or eau de Cologne bottle, pour into it so much shot that it will nearly sink in sea water, and then 
cork it tightly. Take any convenient weight of boiling water, say 33 lbs., dissolve therein 1 lb. of 
salt, and then put the phial into it turned upside down, so that the shot will rest against the cork ; 
make a mark at the point at which the water stands on the phial; this represents the saltness of 
sea water. Add then another pound of salt to the water, marking the point on the phial at which 
the water stands, and repeat the operation until 12 lbs. of salt have been added, at which point 
the water will have received as much salt as it can dissolve ; transfer the marks upon the bottle 
to a paper scale, which paste on the inside of the bottle in exactly the same position as the origi- 
nal marks. You will then have a salt gauge which will tell the saltness of brine from the point 
of sea water up to the point of saturation. Reckoning sea water at 1, the water within the boiler 
should not exceed the saltness represented by 4, at which point the water contains /sds of salt. It 
is not probable that this rude contrivance will be often made, but the description may be of ser- 
vice in explaining the nature of the more elaborate and accurate instruments sold for the purpose. 
In maintaining the pressure of the steam, very much depends on the skill and zeal of the fire- 
men. One fireman will keep the steam up with a moderate consumption of coal, while another, 
with an increased consumption, will not prevent the pressure from declining, and yet it is hard to 
say wherein lies the difference of manipulation. It is a common fault, however, with lazy or ig- 
norant firemen, to pile up the coal at the mouth of the furnaces, while the bars at the after end 
are nearly bare, and if there be any holes in the fire, the cold air will rush up through them and 
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greatly diminish the efficacy of the fuel. Opening the furnace door frequently has also a perni- 
cious effect, and should be avoided as much as possible. The greater width between the bars at the 
under than at the upper edge, facilitates the admission of the air, and the descent of the ashes 
and cinders/ Bars are usually set fths of an inch asunder, but this width must be diminished if 
the coal be very small, and can be diminished with impunity when the bars are thin. 

Partially closing the damper will sometimes increase the genergition of steam, and in such cases 
it is expedient to place a sheet-iron hanging-bridge at the end of the flues, where they enter the 
chimney. In the case of tubular boilers, however, this cannot be done ; but a sliding perforated 
plate, or Venetian damper, may be so applied to the ends of the tubes, as to retain the hot air for 
a longer period within them, thereby increasing the efficacy of the fuel. Whatever be the steam- 
producing powers of the boilers, a vacuum should never be suffered to be formed within them, as 
it is impossible to blow off if there be a vacuum in the boilers, and the gauge cocks, moreover, 
will in such case cease to afford any indication of the height of the water level. If the pressure 
of the steam cannot be maintained, that grade of expansion must be used which will cut off the 
steam at such a point as will keep the pressure at the right pitch ; or if there be no variable cut- 
off, the throttle-valve must be so far closed as to keep the steam gauge nearly up to the point an- 
swering to the load on the safety-valve. Partially closing the throttle-valve checks priming, and 
opening the throttle-valve or the safety-valve suddenly has a great tendency to produce it, as has 
already been mentioned. When the boiler primes, the speed of the engine is sure to be diminished, 
in consequence of the large quantity of water the air pump has then to deliver, and it will be ex 
pedient in such cases partly to shut off the injection water. In the case of the w^ater being sud- 
denly carried out of the boiler by priming, or of the water having been suffered to subside too far 
by the neglect of the feed, the best plan is to quench the fires as rapidly as possible. If from the 
neglect of the feed, the flues or furnaces have become red hot, on no account must cold w^ater be 
thrown in by the pump, without taking care to raise the safety-valve, else the sudden pressure 
within the boiler thus createdwill.be sure to make the heated places bulge down, and may perhaps 
burst t/he boiler. A plate which has bulged down may be set up again by lighting a fire against 
it, so as to make the plate hot, and then forcing it up with a jack-screw. 

One of the greatest dangers that can occur to a boiler, is that of a safety-valve jamming or re- 
fusing to act. Every boiler ought to have a safety-valve of its own, and if this valve should jam, 
the steam has still a means of escape through the stop- valves into the other boilers, the safety- 
valves of which are not likely to be similarly affected. The existence of a dangerous pressure 
within the boiler is always shown by the open mercury gauges, where such are employed, the con- 
tents being blown out when the pressure of the steam becomes dangerously high. 

Two or more fires are usually cleaned every watch, depending on the number of the furnaces 
and the quality of the coal. The fires to be cleaned are suffered to be burned down until there is 
very little else than clinker left upon the grate, and the whole of this clinker is then raked off, 
and the fire is lighted afresh. The operation of cleaning the fires is usually performed just before 
the termination of the watch, and the whole of the ashes are then hoisted up and thown over- 
board, the firemen on watch filling the ash-buckets, and the firemen about to come on watch hoist- 
ing them up and emptying them into a shoot in the wheel-house, or over the ship's side. 

In the management of the engines, the first point to be looked to is that the keys are neither 
too slack nor too tight, and that none of the brasses are heating. In the generality of engines, 
the bearing most apt to heat is the crank-pin, but much depends on the proportions of the parts, 
which differ in different engines. The provisions for very nicely adjusting the brasses about the 
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crank-pin of the Kiioxville have been very fnllj described at page 41^ and as the crank can be 
easily touched with the hand at each re vohition, there would seem little excuse in such engines for 
allowing a serious heating at that point. But some engines are less fortified against difficulty in 
this respect, and m any it is probably that through some cause a heating may be commenced at 
such points. It is usual to lubricate the crank-pin, when it heats, with sulphur and tallow, and the 
same discipline is observed in the case of other bearings. This plan answers w^ell enough when 
the heating is not considerable, but it will sometimes be necessary to cool the bearing by cold 
water applied by means of the hose communicating with the deck pump. Bearings, however, 
rarely heat unless they are too tightly screwed up or the supply of oil to them has been neglected, 
and they must be slackened and lubricated as w^ell as cooled with water. The heating of a bear- 
ing very frequently injures the surface of the metal, and cuts away the brass very much : it should 
therefore be checked at the outset, and in replenishing the oil cups, which the engineer should pe- 
riodically do, he ought to feel the bearings to make sure that they are not hot. He should see at 
the same time that none of the keys are working loose. A looseness of any of the main bearings 
wnll generally manifest its existence by a jerk in the engine, but some of the keys of the par- 
allel motion may come oat and occasion serious breakages without giving any such warning. The 
same remark aj)plies to any of the main keys which are not made with a taper, such as the cross- 
head or cross-tail keys of side-lever engines, which may come out without giving intimation of the 
danger. The main keys about an engine should all be provided with screws, to prevent them 
from going either back or forward. Generally speaking, keys have a tendency to work further in, 
whereby, if the tendency be not counteracted, they will cause the bearings to heat. 

The state of the vacuum will be shown by the vacuum gauge attached to the condenser, and if 
it be imperfect, the cause must be ascertained and the fault corrected. If the hot well be much 
more than blood warm, more injection water must be admitted, and if the vacuum is still imper- 
fect, there must be some air leak, which the engineer must endeavor to discover. Very often the 
fault will be found to lie in the valve or cylinder cover, which must then be screwed more firmly 
down, or in the faucet joint of the eduction pipe, the gland of wdiich will require to be tightened, 
or the leaking part puttied up. The cylinder and valve stuffing-boxes may at the same time be 
supplied afresh with tallow, and the door of the condenser examined, if the engine be provided 
with one. The joints of the parts communicating with the condenser are usually tried with a 
candle, the vacuum sucking in the flame if the joint be faulty. 

The attendants upon engines should prepare themselves for any casualty that may arise, by con- 
sidering possible cases of derangement, and deciding in what way they would act should certain 
accidents occur. The course to be pursued must have reference to particular engines, and no gen- 
eral rules can therefore be given; but every marine engineer should decide on aertain meas- 
ures to be pursued in the emergencies in which he may be called upon to act^ and where every- 
thing may depend upon his energy and decision. If the ship springs a leak, the water may gen- 
erally be kept under by injecting from the bilge, and every steam-vessel should be provided with 
cocks for this purpose. These cocks should not communicate with any rose within the condenser, 
as the water drawn from the bilge is not clean water, and a rose within the condenser would 
probably soon become choked up. Should there be no injection from the bilge, a great deal of 
water may be lifted out by partly opening the snifting valves, but should they be of such a con- 
struction as not to admit of being opened by a handle, or should they be in an inaccessible posi- 
tion, the cover of the foot valve, or the man-hole door of the condenser, may be slackened. If 
the snifting valve cannot be opened readily, the injection may be shut off, so that the engine wdll 
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heat and vitiate the vacuum, and tlie valve will then open of its own accord during the descent of 
the air-pump bucket. When raised, it must be prevented from closing again by something being 
wedged in below it : the steam will then be condensed in the air-pump, and the water drawn 
through the snifting-valve will, in all ord.inary leaks, soon leave the ship dry. The lire hose must on 
no account be used for pumping out tke boilers, v/-ashing the decks, or other such purposes, but 
must be kept in a locker close beside the deck-pump, for the single purpose of quenching fire ; 
and skould be examined and oiled once a month. Cotton waste, if oil be spilled upon it, is liable 
to spontaneous combustion, especially if kept in a hot place ; and sucli combustibles should never 
be kept in lockers behind or near the boilers, or in any place where there is muck light wood 
work that would readily take fire. The coals often catch fire from spontaneous combustion, and 
serious damage arises therefrom ; they should be quencked immediately tke fire is discovered, by 
directing upon tkem a stream of water from the liose. Coal or combustibles of any kind should 
not be kept under the cabins, as it would be almost impossible to put out a fire among the light 
joiner-work of the cabins. If collision occur, and the steamer is cut down by another ves-sel to 
the water's edge, it may be necessary to blow off one wing boiler instantly, and fill up the other, 
so as to give tke vessel a list to raise the broken part out of the water. There is no time for hesi- 
tation in suck cases ; the engineer must decide on the instant what he is to do, and must do it at once. 
In some cases of collision, the funnel is carried away and lost overboard, and suck cases are among 
the most difiicult for wMch a remedy can be sought. If flame come out of the chimney when the 
funnel is knocked away, so as to incur the risk of setting the ship on fire, the uptake of the boiler 
must be covered over with an iron plate, or be sufficiently covered to prevent such injury. A 
temporary chimney must then be made of such materials as are on board the ship-. If there are 
bricks and clay or lime on board, a chimney may be built with them, or if there be sheet-iron plates 
on board, a square chimney may be constructed of them. In the absence of such materials, the 
awning stancheons may be set up round the chimney, and chain rove in through among them in 
the manner of wicker-work, so as to make an iron wicker chimney, which may then be plastered 
outside Avith wet ashes, mixed with clay, flour, or any other material that will give the ashes 
cohesion. War steamers should carry short spare funnels, which may easily be set up should the 
original funnel be shot away ; and if a jet of steam be let into the chimney, a very short and small 
funnel will suffice for the purpose of draught. 

If a crank or crank-pin breaks, the engine, if single, is of course completely disabled ; but if 
there be two engines, the cranks must be disconnected, and the ship worked with the other engine 
and one wheel. If the shafts or cranks crack, the engine may nevertheless be worked with 
moderate pressure to bring the vessel into port ; but if the crack be very bad, it will be expedient 
to fit strong blocks of wood, to prevent the cylinder bottom or cover from being knocked out, 
should the damaged part give wa}^ The same remark is applicable where flaws are discovered in 
any of the main parts of the engine, whether they be malleable or cast-iron ; but thej^ must be 
carefully watched, so that the engines may be stopped if the crack is extending further. Should 
fracture occur, the first thing obviously to be done is to throv/" the engines out of gear, and should 
there be much way on the vessel, the steam should at once be thrown on the reverse side of the 
piston, so as to counteract the pressure on the paddle-wheel. 

The following method of ascertaining the tightness of the difterent parts of the engine subjected 
bO steam pressure, has been recommended to be used in every case after the engine has been fresh 
packed, or has been out of use for some time. After getting up steam, and while the vessel is still 
at her moorings, blow through, and then, after obtaining a partial vacuum in the condenser by the 
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admission of a little water, watch the barometer to see how long the engine holds her vacunm. 
If the condenser gradually becomes hot, while the cylinder ports remain closed, we know that 
steam is passing the valves. The tightness of the piston maybe proved in the same way, by 
admitting steam above or belov/ it, and opening the indicator-cock on the opposite side. The 
injection-cock may be slightly opened for an instant, to withdraw any steam that may have col- 
lected on the opposite side of the piston, so that the passage of any steam may be the more 
readily perceived. The tightness of most parts- of the engine may be tested in this way without 
moving it beyond half a stroke. 

When a leakage of air into the condenser or its connections has been discovered, it may be 
stopped temporarily by driving in spnn yarn, or gasket steepfed in red lead and oil, or if the leakage 
be into the condenser, it is sometimes convenient to allow water to be injected through the orifice, 
by which means little harm is done. In several cases v/here, during a long voyage, the bottom 
of the condenser has become leaky by corrosion, (often induced by galvanic action with the cop- 
per bolts of the ship's bottom, as well as the brass foot-valve, &c.,) a water-tight tank has been 
constructed at sea between the side keelsons. By this means the condenser and air-pump are 
placed in a kind of well constantly replenished with cold water from the sea, which, forcing its way 
through the leaks by the pressure of the atmosphere, shares with the proper injection water the 
duty of condensing the steam — the injection-cock orifice being partially closed in proportion to the 
extent of leakage through the bottom. 

When the vessel is laboring in a heavy sea, it is recommended that the supply of injection water 
should be diminished ; for in such a case, where the speed of the engines is subject to great and con- 
stant, fluctuations, depending upon the greater or less submersion of the wheels or screw-propeller^ 
the condenser is liable to become choked with water, thereby causing the engines to stop. The effect 
of working the engines with a stinted supply of condensing water is, of course, that the condensers 
will become hot, and the vacuum will be diminished; but this is a minor evil in comparison with 
endangering the machinery by subjecting it to too severe a strain. 

Care must be taken, when the engines make a temporary stoppage, that the injection-cock' or 
air-pump, does not leak, and allow the condenser to fill vvdth water, which causes much trouble and 
delay in starting the engines again ; so, should this be apprehended, the sea-cock must also be closed 
at the same time with the injection-cock. 

With regard to the adjustment of any important part, it must be borne in mind, that as spirit 
levels and plumb rules cannot be used on board ship, every thing must be done by straight edges 
and squares. Every engineer, therefore, on taking charge of a pair of engines, on their coming 
out of the hands of the manufacturing engineers, should see that centre lines are scored well into 
the framing, at a sufficient number of parts, to facilitate any future examinations as to whether 
the engines have altered their position in any way, as v\^ell as to facilitate his putting the engines 
yerj correctly, wTien so required, at half stroke, and many other operations. Athwartship lines 
should certainly be scored on the cylinder flanges, across the centres of the two cylinders, and 
on the base plates in beam engines, under the centre of the crank shafts. A fore and aft line in 
the centre line of each engine should also be scored along as much of the base plate as possible. 
It is also usual in well-constructed engines to have four horizontal points in an atmvartship line on 
the framing, dressed off so that four points in a true line on the face of a straight edge may lie 
upon the whole of them, and thus prove at any tiine v^hether the engines have fallen in towards 
each other, or fallen away towards the sides of the vessel.' 

If the eye of the crank of the paddle shaft be perceived to bear hard upon the connecting rocl 
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brasses at one part of its revolution, and to separate from tliem at another part, the engineer may- 
know that the centre of the paddle shaft is out of line with the centre of the intermediate shaft. 
To rectify this defect, place the engines on the top stroke and measure the distance accurately 
between the faces of the two cranks at the side of the crank pin, then put the engines on the 
bottom stroke and measure the distance at the same place. If the distance at the bottom be less, 
the outer end of the paddle shaft must be too low and require to be raised. Subtract the one 
distance .from the other, and take one half of the remainder, and say, as the length of the crank 
is to the length of the paddle shaft, from the face of the crank to the centre of the outer bearing, 
so is this half-remainder to the amount that the outer bearing requires to be raised. Other exam- 
inations as to whether the crank and paddle shafts are true to each other, in other respects, can 
be made in a similar manner. 



OALGULATIONS. 

Before attempting to do justice to the subject of proportioning, we must explain at some length 
the nature of steam and of combustion. 

The nature of heat is unknown. There are but two theories extant, one of which considers heat 
as a very thin fluid somewhat resembling a gas, but without weight, w^hile the other considers it to 
consist simply in a motion of the atoms of matter, a tremulous or vibratory motion analogous to 
sound. Both are open to grave objections, as neither suffices to explain satisfactorily all the phe- 
nomena observed in relation to this mysterious agent. In our researches, then, into the action and 
nature of steam, we must be content to l^ave the intrinsic nature of heat or caloric, the agent 
which is relied on to produce all the effects observed, and by the transfers and modifications of 
which all the immense steam power in the world is realized ; we must be content, we repeat, to 
leave this as one of the secrets yet locked up in the arcana of natare. Science has not yet unrav- 
elled the mystery. 

But much has been done to ascertain precisely the quantities of heat required to produce certain 
effects, and to follow it through all the processes in which it plays a part ; these we will attempt 
briefly to set forth. 

There are two forms in which the presence of this mysterious agent is recognized ; — these are 
sensible heat and latent heat. Sensible heat is that which can be felt by the senses, and measured 
by the thermometer, while latent heat is only effectual in maintaining a certain character or con- 
dition in matter. These terms, as also the ideas which they are generally made to convey, are in 
some confusion, and there are those who stoutly contend that the term "latent" should never be used 
in reference to heat. It will suffice for our purpose, however, to say, that whatever heat is palpable 
as such to the senses, or can be measured by the thermometer, is sensible heat, while that which 
cannot be, but which usually manifests itself in sustaining matter in some different condition from 
that it. would otherwise possess, may be termed latent. If an open vessel of water be placed 
upon a fire, the temperature of the water will not rise above the boiling point, or 212° Fah., 
(100° Gelcius or 80° Reaumur,) however long the boiling be continued, although the water must 
have been all the while receiving accessions of heat from the fire. All the heat received over 
and above that requisite to produce the temperature of 212° is expended in the formation of 
steam, but the steam itself does not rise above this temperature, and on account of the heat thus 
hiding itself, as it were, in the steam, it is called latent heat. Steam and water are intrinsically 
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tlie same substance, and a thermometer immersed in eacli would indicate the same temperature, 
yet the steam is light and gaseous in its properties, while water is dense and liquid. The differ- 
ence in condition is due to the latent heat which has entered, or perhaps we may say chemically 
combined, with the particles of water. The condition is such as to rob it, for the time being, of 
what we are accustomed to consider its true character, and to impart a new character to the 
matter, as already observed. 

The quantity of latent heat in steam at the atmospheric pressure is about 1000° Fah. The 
sensible heat in such steam is 212° Fah. The latent heat in such steam being 1000°, the total 
quantity of heat therein is therefore 212° + 1000°= 1212°. If the whole quantity could be ren- 
dered sensible, it would indicate by a suitable thermometer 1212°; equal to that of red hot iron. 
Or, if all the heat in a given quantity of steam be transferred to 1,212 times that quantity of 
water, it will raise the temperature of the water 1 degree. From this it appears, that it requires 
about 5^ times as much heat to raise any given weight of water at the freezing point into steam, 
as would raise the same weight of water from the freezing to the boiling point. The freezing 
point is 32°, and the boiling 212° Fah., so that the amount of difference between these points 
is 180°, and 180° multiplied by 5J is 990, or nearly 1000° latent heat. 

One pound of steam of 212° Fah. contains also 6 J times as much heat as one pound of boiling 
water of the same degree, or 5^ pounds cold water at 32°, can condense one pound of steam at a 
temperature of 212° Fah., producing 6^ pounds of water of 212° by the addition of the one 
pound of condensed steam. 

It must be recollected, however, in reference to condensation, when considered practically, that, 
in order to create a tolerable vacmmi by the condensation of the steam, the temperature of the 
resulting water must be very much below this point, and that consequently a much greater 
quantity of water must be injected for the purpose of condensation. The temperature in the 
condenser, as explained in the preceding pages, should be only about 100° Fah., or at most not 
above 120° Fah., and to obtain this result, the quantity of injection water should be doubled, 
making it 11 pounds instead of 5|. This is assuming the water to be of a temperature of 32° 
Fah., whereas, in practice it varies from about 40° to 80° Fah., and may be assumed to average 
about 60° Fah., a fact which will make it necessary again to double our quantity, which is thus 
raised to about 22 pounds. The quantity actually required at any given temperature may be 
found with tolerable accuracy by the following process. Let us assume the temperature of the 
water at Y0°, and the temperature of the condenser to be maintained at 100°, so as to give a very 
perfect vacuum. It is evident that each particle of injection water will be raised 30° Fah. by the 
heat which it absorbs or abstracts from the steam. Each pound of steam contains, as we have 
already found, about 1212°, (including both the latent and the sensible heat,) and as the resulting 
water is to be at 100°, of course, 1112° must be abstracted. It becomes, then, simply necessarj^ 
to find by division how many tim.es 30 is coiitained in 1112, which is 3Y, — showing 37 pounds of 
condensing water at Y0°, are required for each pound of steam, if we would maintain the low 
temperature designated in the condenser. And by a similar calculation, the relative quantity of 
condensing water for any other conditions may be ascertained. 

The easiest method of ascertaining the weight of steam used, is to weigh or measure the quantity 
of feed water supplied to the boiler. If one cubic foot of water [which weighs 62^ pounds,] 
is pumped into a boiler each minute, it is usual to infer that 62| pounds of steam flow out of the 
boiler per minute, (although, in strict scientific accuracy a trifle should be deducted for water 
mingled with the steam.,) and. if the engine is low pressure, that an equal quantity is discharged in 
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that space of time into tlie condenser. But if the volume and pressure of the steam used per 
minute, per second, or per stroke, be known, it is almost equally easy to ascertain the weight of the 
steam from the table given below. It is in the latter cases simply necessary to reduce to cubic 
feet the quantity of steam used, in the given time or in a single stroke, and to divide that amount 
by the corresponding number in the 5th colnmn of our table, — ^the quotient is the quantity of 
water, in cubic feet or fractions of a cubic foot. And knowing that a cubic foot of fresh water 
weighs 1000 ounces, or just 62.5 pounds, the operation may then be conducted as above. 

It is in practice very unusual and inexpedient to supply so large a quantity of condensing water, 
as the result of the above calculation indicates. It is impracticable to create a good vacuum with 
so warm condensing water as w^e have there presumed. The load on the air-pump, in removing so 
large a quantity, would be a greater hindrance than the improved vacuum would gain. It is, 
therefore, in such a case, better to allow the condenser to warm to 115 degrees or 118 degrees, as 
it frequently does with advantage in low-pressure engines, even with the water several degrees 
cooler than we have there assumed. In proportioning engines, pumps, etc., for a great variety of 
conditions, it is rare to provide for the admission into the condenser of more than thirty times as 
much water as is pumped into the boiler. Watt's rule was, to supply a wine pint (28.9 cubic 
inches) of condensing water for each cubic inch of feed; or, in other words, he injected into his 
condenser about twenty-nine pounds of cold water for each pound of steam which it received from 
the cylinder, and, of course, pumped out by his air-pump thirty pounds of warm water, together 
with the trifling amount of air which had chanced to gain admission with either. 

In discussing the fundamental properties of steam above, we have been particular to specify 
steam at atmospheric pressure, in giving the figures, because in steam, at other pressures, the 
relative proportions of sensible and latent heat are different. Steam at a higher pressure possesses 
a greater degree of sensible heat, or stands at a higher temperature by the thermometer, but, it is 
a remarkable fact, that the quantity of latent heat diminishes in very nearly the same proportion, 
so nearly, in fact, that it has required very refined experience to determine that it is not precisely 
so. For all practical purposes, therefore, the total amount of heat, in steam at all pressures, may 
be assumed to be precisely the same, an amount about 1212° Pah. above zero, or 1180° above the 
freezing point. When, therefore, it is desired to know the amount of latent heat in steam at any 
pressure, it is simply necessary to ascertain its sensible heat, by the thermometer, and to deduct 
it from the above total sum. 

Steam, at any given pressure, always stands at a certain temperature, which is termed "the 
temperature due to the pressure." The temperatures due to various pressures have been ascer- 
tained with considerable care, and are presented in the following Table, as are also the volumes of 
the steam compared to that of the water from which it is generated : — 



TABLE OF THE ELASTIC EOEOE, TEMPEEATUEB, AND VOLUME OF STEAM. 
J^rorn a Temj^eratiire o/32° to 457° Mch., and from a Pressure of 0.2 to 900 Inches of Mercury. 



Elastic Force in 


Pressure above 
Atmosphere. 


Tempera- 
ture. 


Volume. 


Velocity of 
Escape. 


Elastic Force in 


Pressure above 
Atmosphere. 


Tempera- 
ture. 


Volume. 


Velocity of 
Escape. 


Inches of 
Mercury. 


Pounds per 
Square Inch. 


Inches of 
Mercury. 


Pounds per 
Square Inch. 


.200 
.221 
,263 
.316 

.443 


,098 
.108 
.129. 
.155 
.184 
.217 




32 
36 
40 
45 
50 
56 


18740'/ 
170267 
144529 
121483 
103350 
88388 ' 




.524 
.616 
.721 
.851 

1. 

1.17 


.257 

.302 

.353 

.417 

.49 

.573 




60 
65 
70 
75 
80 
85 


75421 
64762 
55862 
47771 
41031 
35393 
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TABLE OF THE ELASTIC FORCE, TEMPERATURE, AND VOLUME OF STBAM.—Goniinued. 
From a Temperature o/32 to 457° Fah.^ and from a Pressure o/0.2 to 900 Inches of Mercury. 



Elastic Porce in ! 


Pressure above 


Tempera- 


Volume. 


Velocity of 


Elastic Force in j 


Pressure above 


Tempera- 


Volume, 


Velocity of 


Inches of 
JVltdrcury. 


Puuuds per 


Inches of 


Pounds per 


Square Inch. 


Atmosphere. 


ture. 


Escape. | 


Marcury. 


Square Inch. 


Atmospliere. 


ture. 


Escape. 


1.36 


.666 




90 


30425 




93.84 


46 


31.3 


■ 277.8 


698 




1.58 


.774 




95 


26686 




95.88 


47 


32.3 
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It will be observed that the third column, the niost prominent in the table, is headed " Pressure 
above atmosphere." By this is meant the apparent pressure of the steam, as indicated by a steam 
gauge. The first column gives the absolute pressure of the steam in inches of mercury, or the height 
to which the pressure would raise a column of mercury in a tube, ^:>r(9^'^&6? the oj^posing presstcre of 
the atmosjjJiere were removed. The second column gives the absolute pressure' in pounds per square 
inch, under the same circumstances. But the pressure of the external atmosphere is always equal 
to from 29 to 31 inches of mercury — varying with the state of the weather — and the steam- 
gauges employed on steam boilers to indicate the pressure do not show the absolute or total pres- 
sure, but only the difference between the pressure in the boiler and that of the external air. The 
pressure of the air averages about 14.^7 pounds per square inch, but, for convenience, it is generally 
assumed at 15 pounds. We have constructed our third column by simply deducting 14.Y from the 
pressures shown in the second column. A column might be constructed, in a similar manner, to 
show the apparent pressure in inches of mercury, by simply subtracting 30 from the pressure 
recorded in the first column, 30 inches of mercury being the average pressure of the air. Such a 
column would then agree exactly with the indication of some forms of mercury gauges. The 
temperature in the fourth column is given in degrees of Fahrenheit's scale. 

It will be observed that our column of temperature begins with 32°, which is the freezing point. 
It has been demonstrated, by very refined experiments, that a faint vapor, or steam, rises from 
ice in a perfect vacuum,, but we have not deemed it worthy of examination. If a boiler, or other 
suitable vessel, contains water at the freezing point, 32° Fahrenheit, and if all the atmosphere be 
removed, the space above the surface of the water will be filled with an extremely weak fluid, 
precisely analogous to ordinary steam in its mechanical properties, but " cold as ice," and with a 
pressure of only 0.098, or about lio of a pound per square inch. Now, if the water be warmed to 
100° Fahrenheit, or about blood heat, the pressure of the steam, if such it may be called, increases 
to 0.911 or nearly one pound per square inch. This, we may here repeat, is about the pressure in 
the interior of condensers and on the vacuum side of the piston in the best low-pressure engines. 
If the water be warmed to just 212° Fahrenheit, the pressure of the steam will just equal that of 
the external air, so that if an opening be made in the shell, neither air will rush in nor steam out. 
This is the point- at which, in common language, steam begins to "make," because at all lower 
temperatures the tendency to the formation of the extreme^ weak steam described is resisted by 
the air which is usually allowed to fill the boiler and press upon the water. If the temperature 
be raised to 342° Fahrenheit, the absolute pressure within the boiler will be 115 pounds per square 
inch, but as the external air presses with a force of 15 pounds per square inch, upon the exterior 
of the boiler, the actual force with which the steam acts upon the shell of the boiler to burst it is 
100 pounds per squai^e inch. This 100 pounds per square inch is also the force with which such 
steam acts on a steam gauge, or on the piston of a high-pressure engine, and being thus, though of 
less scientific interest, the -most practically important quantity in connection y\4th the whole subject, 
we have made it the most prominent in the table. 

Our fifth column shows the increase of volume which the water assumes in the act of changing 
into steam. Its usefulness has been put in requisition on page . One cubic inch of water, in 

changing into steam at the atmospheric pressure, as when boiling in an open kettle, becomes, as 
shown by our table, lYOO cubic inches, or nearly one cubic foot. The same quantity of water, in 
changing into steam at 100 pounds pressure, becomes only 259 cubic inches, but in changing into 
the extremely weak steam, denoted at the head of our table, becomes 18Y40Y cubic inches, or 
about eight hogsheads of 100 gallons each. As the relative volume of the steam diminishes as the 
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pressure increases, it is evident that a degree of temperature can be found at wliicli no change in 
the vokime will occur, or in which the water alone would contain all the heat necessary to manu- 
facture it into steam, without the ordinary, and, as w^e are in the habit of believing, necessary ex- 
pansion. In order to produce steam of such a character it would be necessary, of course, to allow^ 
the w^ater to fill the whole interior of the confining vessel. No one has, as we are aware, ever 
experimented on the properties of such steam, but it has been generated with safety. A large 
cannon ball was once drilled, and a very tightly fitted screw was driven down till it pressed 
tightly and fairly upon a small quantity of water enclosed. The whole was then heated red hot, 
and kept so for some time. After allowing it to cool, the screw was removed, and the water was 
poured out, a very little only having been lost by the operation. There are reasons for inferring, 
from the experiments at gradually increasing pressures, that the temperature of " no expansion" re- 
ferred to, is about 1200° Fahrenheit, or that of bright red-hot iron, and that the pressure is then about 
5,000 pounds per square inch. On the principle that the sum of the latent and sensible heats are 
the same in steam at all pressures, it is evident that steam, or rather water, in this extraordinary 
condition, would contain no latent heat, but the whole of its heat would be sensible. If it should, 
however, chance to burst its envelope, it would at once assume the condition of ordinary steam, 
becoming a large volume of steam at a temperature of 212° Fah., and containing about 1000° of 
latent heat, as before explained. 

The sixth column shows the velocit}^ with which steam, at the given pressures, escapes through 
an orifice into the atmosphere, as, for example, through the safety-valve aperture of a steam- 
boiler. It may be of great service in estimating for some purposes, but, it must be observed, 
that in case the passages are long and tortuous, as in the exhaust of most varieties of engines, the 
velocity of exit will be retarded much beyond that denoted by the table. 

In flowing into a vacuum there is but little difference in the velocity of steam. Weak steam, in 
consequence of its greater lightness, flows very nearly as rapidly as the highest which has yet 
been experimented on. The velocity with which all ordinary low-pressure steam flows into a 
vacuum is about 1400 feet per second. 

Steam is lighter than air at the same pressure. The specific gravity of steam at atmospheric 
pressure is 0.488, air being 1. Whenever, therefore, air and steam are intermixed, and allowed to 
remain quiet, the steam gathers in the upper portion of the vessel. 

Air absorbs a certain quantity of the vapor of water, without increasing its pressure. This 
operation is slow evaporation, as it proceeds at ordinary temperatures. The difiference between 
slow evaporation and boiling consists in this : that whereas evaporation from the surface of the 
sea, etc., consists in a gradual absorption of the water by the air, the act of boiling lies in the 
generation of steam with such vigor that it displaces the air altogether, crowding it away to make 
room for itself. 

The points elaborated in this table, and in the accompanying paragraphs, will do much to aid 
in determining the general proportions of the cylinder, feed-pumps, etc., and of the several pipes 
and passages required in this portion either of high or low-pressure engines, and also the pro- 
portions of the air-pumps and injection-cocks for the latter class. 

We shall endeavor to give such examples below^, drawn from the actual practice of our best 
engineers, as will serve more specifically to illustrate these points. For the present we must leave 
this department of the subject, and take up the subject of the generation of steam. It is 
evident that steam is produced by simply the addition of heat to water, and the power may be 
said to lie ultimately in the generation of heat. The combustion of fuel develops heat, this heat 
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is transferred to water and produces steam, the steam urges a piston to the end of its stroke, and 
then escapes. In escaping it mingles with the atmosphere, if from a high pressure engine, or 
mingles with a large quantity of water, if a low pressure or condensing one. In either case it 
flows away, and the steam-boiler and engine is simply an apparatus which is actuated by the heat 
in its passage from the burning fuel to the aforesaid air or water. It is, in the broadest and most 
general view which can be taken of this operation, somewhat analogous to a water-wheel turned 
by the action of a reservoir or stream of water. The power originally lies in the gravity of the 
water. The wheel is but a machine for rendering it useful. 

In the case of the water-wheel, a quantity of water is at a certain elevation, ready to descend. 
Its gravity impels it to descend. The wheel is so interposed, that it cannot descend without 
giving motion to the machine. So with the steam-engine, a quantity of heat is accumulated ready 
to act, and the steam-engine is so interposed, that it cannot act without giving motion thereto. 
But while there is only one theory with regard to the mechanical effect of gravity, there are two 
prominent theories with regard to the mechanical action of heat, and it is yet a disputed question 
among savans, how far the comparison between a steam-engine and a water-wheel will hold good. 
S. Carnot, of France, advocated a theory that heat gave out mechanical power by the act of dif- 
fusing itself alone ; and this view is partly sustained by the undisputed fact that in every case 
where heat is used to generate power, whether in a steam-engine, or air-engine, or any kindred 
apparatus, the heat is received at a high temperature, and in a small quantity of matter, or in 
other words, in a concentrated condition, and is discharged at a lower temperature and in a larger 
mass, or at least in a larger volume of matter. In this view of the subject, the steam boiler and 
engine are simply machines, actuated by the diffusion of heat, very clearly comparable to the 
wheel which is actuated by the descent of water, or to a clock, which is actuated by the 
descent of a weight. 

But later experimenters, and among them Holtzman and Manheim, of Germany, J. P. Joule, of 
England, and V. Regnault of France, have discovered, what has surprised and will continue to 
surprise many, that heat is not only diffused, but a certain small portion is actually lost in its 
passage through an engine. It is either absolutely annihilated or ''changed into mechanical 
power" by the operation. If, for instance, a certain definite amount of heat be found to exist in 
a certain quantity of steam in a boiler, and it be allowed to blow off uselessly at the safety-valve, 
the same absolute amount of heat is found to exist in the steam at the close of the operation. 
The temperature will not be as high as before, but, as explained in former paragraphs, the latent heat 
will have been increased precisely to the same extent as the sensible has diminished, and the sum 
of both will remain the same. The steam w411 contain the same actual heat, though in a larger 
space and in a different condition. But if, instead of allowing it to blow through the safety-valve, 
it be worked off through an engine, and made to perform mechanical work by the operation, the 
actual amount of heat it contains is not as great. It will not warm as much water, will not 
diffuse the same heat from pipes to warm a building, nor will it melt as much ice as before. A 
portion of its heat has actually disappeared, beyond the reach of any scientific skill to find it. 
It has not been taken up by radiation from the cylinder, etc., for these obvious sources of loss have 
been provided against with extreme care. The conclusion is that a portion of the heat is actually 
changed into mechanical power. The amount of heat annihilated or changed in this manner, 
is so slight, that we have not alluded to it in any portion of our work, and shall not in any fur- 
ther investigation, allude again to the subject. It belongs among those abstract questions, proper 
for the philosopher rather than the engineer. Whenever the question is distinctly determined, 

11 
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and tlie precise amount of heat which disappears with the development of a given quantity of 
power is rigidly defined, it may be important to allow for it. At present the nearest approach 
to this is the estimate by Mr. Joule, that the raising of 682 pounds weight one foot high, involves 
the disappearance of an amount of heat sufficient to raise one pound of water one degree 
Fahrenheit. We may remark in passing, as a stimulus to improvement, that if, as this gentle- 
man supposes, all the mechanical effect of any engine is due to this apparently trifling circum- 
stance, there is yet a possibility of increasing the effect of our engines nearly a hundred-fold; 
as at present only about one per cent, of the heat evolved by the fire is thus disposed of in 
ordinary practice. 

Whichever theory be true, it is very evident that the original source of the power is the heat 
of the furnace, and it becomes important to generate this heat as economically as possible. Fuel 
is a general term by which we designate any matter which is suitable to be burned for the pro- 
duction of heat. This will be more fully explained below. 



COMBUSTION. 

Combustion is nothing more than a vehement combination of the constituents of fuel with the 
oxygen of the atmosphere, and which only takes place at a high temperature. Smoke is the 
product of the imperfect combustion of fuel, caused either by a want of oxygen or a want of 
temperature, s^ndi flame may be defined to be aeriform or gaseous matter heated to such a degree 
as to be luminous, and may be produced independently of any chemical change, as is shown in 
the discharge of Voltaic electricity through an undecomposable gas. . 

The principal combustible element in all fuels is carbon; the heat necessary for steam-pro- 
ducing, is obtained by combining the carbon of the fuel with the oxygen of the air, forming 
carbonic acid gas. Carbonic acid gas consists of 

Oxygen 16) Parts by 

Carbon 6 j weight. 

Atmospheric air consists of 

Oxygen 8 ") Parts by 

Nitrogen . . . 28 ) weight. 

Whence, for the combustion of one pound of carbon, we require of 

Oxygen 2.66 

But to obtain 2.66 of oxygen from the atmospheric air, we also use nitrogen in the proportion 
of 28 nitrogen to 8 oxygen; whence, for converting one pound of carbon to carbonic acid 
we require 

Oxygen 2.66 

Nitrogen 9.31 

Or . . . . . ..... . . 11.97 lbs. of atmospheric air. 
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From careful observations on tlie gases passing througli the cWmneys of well-constructed 
boilers, oxygen is found free, varying in amount from one-quarter to one-half of tbe quantity 
necessary for combustion ; this is owing to the mechanical obstructions to the perfect conversion 
of the air, arising from leakage through the fuel. 

More than the above 11.97 pounds of air should, therefore, be applied to the j&re for each 
pound of carbon consumed. Twenty-five per cent, is found by experience to be a sufficient sur- 
plus allowance to convert the carbon. 

Whence, to 11.97 
add 3.03 



and we have 15.00 lbs. of atmospheric air per lb. of carbon. 

Air weighs .075 pounds per cubic foot, whence -oV^ or 200 cubic feet of air are necessary for 
the proper combustion of one pound of pure carbon. 

Knowing the necessary amount of air for one pound of carbon, and also the percentage of 
carbon in the different kinds of fuel, it becomes a simple arithmetical operation to fix the bulk 
of air required for any species of coal, coke, or wood. The result of such a calculation is shown 
in the seventh column of the table on page 88. 

In the present condition of steam engineering, the construction and management of engines, is 
much better understood than that of the proportioning and operating of furnaces, and the sub- 
ject of combustion is one which well deserves, at our hands, a very thorough investigation. To 
quote from a recent contribution to an English journal by Mr. T. D. Stetson, of N. Y : "We should 
not be content with a mere general belief and enunciation of the undoubted fact that coal is 
fuel; that the carbon or solid portion of the coal is the most valuable in practice, as the combus- 
tion is now conducted ; and that the hydrogen concealed therewith, and which escapes therefrom 
in the furnace, is practically of little value, on account of the difficulty of supplying it with just 
sufficient air for complete combustion. We should not be content with a general knowledge, 
compiled from experience- and observation, that a certain construction of furnace and a certain 
form and proportion of grate is on the whole the best; we should, if possible, know how and 
why these facts are as /acknowledged, not in order to let any real or supposed knowledge of 
this kind lead to an extravagant and reckless disregard of the well-worn rules, but to aid in a 
gradual and careful advance in this great department of the profession. 

" However chemists may differ in the attempt to define combustion with scientific accuracy, in 
view of the development of heat, under all intense chemical action, it is practically tolerably 
correct to assume that combustion is simply a very rapid oxidation of matter. Oxygen combines 
very intimately with some other element, and in doing so develops heat and light. 

" Oxygen exists either free or combined. The oxygen in the atmosphere is free, or compara- 
tively so, and it leaves the nitrogen, with which it is there associated, to enter into combination 
with other elements whenever invited. In combining with other substances heat is developed, 
and when the combination is completed, there results a gas, a liquid, or a solid, which is incapable 
—except sometimes, by very elaborate processes— of being further oxydized or burned ; and 
when the heat developed by the combination, or in other words the heat generated by the com- 
bustion, is dissipated and diffused into space, 'the game is played out.' 

"It appears from the experiments of savans, carefully conducted under circumstances favorable 
for producing and sustaining an extremely intense heat, that nearly, or quite, every other simple 
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substance in nature is capable of chemically combining with oxygen, when sufficiently heated, 
and that by every such combination heat is produced. In other words, every element except 
oxygen is fuel. Phosphorus almost ignites with the heat of the human hand or breath. Iron 
requires a quite intense heat to induce it to burn rapidly, though it oxydizes slowly in common 
air, at common temperatures, if sufficient moisture be present. Fine gold may be ' tried in the 
fire' with more assurance than most metals, but all simple substances will burn. The heat gener- 
ated by burning a given quantity of any substance may depend mainly on the quantity of oxygen 
which it absorbs ; but it is probable that the strength or closeness of the combination is also an 
element of some importance. Thus, if, as is the case, one pound of carbon, by combustion, unites 
with 2.65 pounds of oxygen, while a pound of hydrogen unites with 8.01 pounds of oxygen, it is 
inferred that the heat given out by the combustion of like quantities of the two substances is in 
a similar proportion. If, however, the nature of the union of the elements is stronger in one case 
than in the other, the quantities of heat may be affected thereby. 

"The union of the elements of water may be unquestionably considered stronger than that of 
the elements of the first-named compound, but there seems yet to remain much doubt with regard 
to the quantities of heat developed by burning like quantities of these two most common fuels. 
M. Despretz, who probably experimented with some care, believed in the theory of Welther — 
i. e., that the heat in any case is exactly proportional to the quantity of oxygen absorbed or 
combined. He proclaimed that one pound of oxygen, by combining with charcoal (carbon), 
warmed 5112 pounds of water one degree Fahrenheit; by combining with hydrogen it warmed 
5210 pounds to the same extent ; with alcohol (a chemical compound of carbon, hydrogen, and 
oxygen) the heat developed was sufficient to warm 4940 pounds to the same extent ; with ether (a 
somewhat analogous compound) it warmed 5030 pounds. In other words, the heat produced by 
burning all these different fuels was, in each instance, proportional to the quantities of oxygen 
combined; or disagreed only as the numbers 29^, 29, 28^, and 28. This would make the effect 
of one pound of carbon equal to the evaporation from 212° of 13.5 pounds of water, and the 
effect of one pound of hydrogen equal to the evaporation of 41.7 pounds ; so that, when, as in 
most of our American bituminous coals, the hydrogen and similar volatile matter is as great as 20 
per cent, of the whole weight of the fuel, the heating effect which might be derived from the 
volatile parts may equal that from the solid ; and with Liverpool coal, or with our most highly 
volatile varieties, the actual evaporative power of the hydrogen compounds would be some two 
or three times as great as that of the solid portions. But this is assuming that the heat-producing 
effect of hydrogen and carbon is not materially weakened by the previous weak union of the 
elements among themselves. It is a prominent feature in the theory of Hess, that the ultimate 
effect of a complete combination was a certain definite amount of heat, but that each previous partial 
combination developed 6'6>m(^ heat, which is a deduction from the amount which would otherwise be 
developed by the last or final union. In other words, the combustion of a compound never 
produces so much heat as the combustion of its several elements separately would do. M. Hess 
appears to have experimented mainly, or entirely, on the heat produced by the union of acids 
with bases, and this may be somewhat different from the effects of combustion, though the effects 
are probably identical. There cannot be conceived a subject which more deserves to be explored 
by the highest chemical talent. The figures above, from Despretz, are so entirely different from 
the results obtained by Grrassi at a later day, and, as we may suppose, by much more carefully 
conducted experiments, that it is reasonable to hope there are great principles not yet struck out, 
which may explain all the anomalies now so perplexing. This savan's experiments appear worthy 
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of publishing, in form for ready reference, as follows. Assuming the unit of heat to be the 
warming of one pound of water one degree Fahrenheit, Grassi's results indicate the following: — 









Units of Heat. 


Evap., lbs. of 
water, from 212 


Burning 


lib. 


hydrogen produces . . 


. . 62,460 


62-5 


u 


u 


charcoal 


. . . 14,220 


14-2 


a 


u 


alcohol 


. . 11,Y00 


11-1 


u 


u 


oil of turpentine 


. . 18,900 


18-9 


u 


u 


carbonic oxide 


. . 3,420 


3-4 


u 


u 


oleflant gas . , 


. . 16,380 


16-4 


u 


u 


marsh gas 


. . . 22,500 


22-5 


u 


u 


pyroxylic spirit 


. . . 10,440 


10-4 



"These figures may be considered reliable, as approximations to the truth, but serve bettet*, 
perhaps, to indicate how little than how much we know of the theory of combustion. Were the 
heat always proportional to the quantity of oxygen simply, the hydrogen should evaporate 43.5 
pounds, a result corresponding very nearly with that obtained by Despretz. The difiference in 
the evaporation of about 18 pounds of water indicates that the union is some 40 per cent, more 
intense when oxygen unites with hydrogen to form water, than when it unites with carbon to 
form carbonic acid." 

The subject of fuel is equally capable of being very closely examined with great profit. 

" Substances are termed combustible or incombustible according to the readiness with which 
they can be burned, but the terms will not bear close examination. A combustible is generally 
understood to be a substance which, in burning, engenders heat enough to maintain its own com- 
bustion, and to induce the combustion of fresh and cold material of the same kind. A combusti- 
ble is also generally understood to be a kind of material which will take fire with the heat of a 
small flame, and will continue to burn if exposed on all sides to free radiation, as is the wood in an 
open camp fire. Marble, oyster shells, and all the forms of carbonate of lime, are in the popular 
mind very far from combustible, yet when enclosed in the non-conducting walls of a suitable kiln, 
and properly heated by an active fire below, the heat produced by the expulsion and burning of 
the organic carbon in the stony masses aids very materially in the process of lime burning, as is 
proved by the deadness of the top of the previously glowing mass so soon as the decarbonization 
is completed, although the wood fire below be kept up to its full vigor. On the other hand, most 
of the varieties of pit coal cease to burn if the individual coals are separated and allowed to 
radiate their heat fi^eely. Put to this latter test, it would appear that the great supply of fuel 
stored in strata in the earth, which this nation is digging out and burning at the rate of eight 
million tons per annum, and which Britons are digging out, burning, and exporting at the rate of 
sixty million tons per annum, is to be pronounced, what it was probably believed to be by all who 
had examined it previous to a few hundred years ago, one of the incombustible materials of our 
globe. Everything is combustible. Every thing not previously saturated with oxygen, every 
particle of matter not already oxydized to death, may be made to yield heiat by further oxyda- 
tion. Limestone is simply a species of fuel which leaves an extraordinary amount of earthy 
product, and which generates in combustion so little heat as to be of no value as a fuel in the 
present state of the arts. The conditions under which it would be possible to burn any such 
material now generally considered incombustible, for the purpose of generating heat, are as fol 
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lows: — ^first, the fuel or the air or both must be warmed before they are presented to each other; 
and second, the heat of the burning mass must be protected from the cooling effect of radiation. 
A portion of the heat of the gaseous products of combustion might be utilized by performing 
some useful effect, and another portion might be employed in the preparatory warming of the 
fuel, and in a similar warming of the blast. This is supposing a very extraordinary condition of 
affairs, and is only introduced as suggestive of the extent to which the value of bad fuel may 
possibly be raised by the advance of science. If the combustion of any fuel, or of any mixture 
of fuels, can produce any heat to spare — if it can be made to generate any more caloric than is 
sufficient to heat the blast of air required, it is possible to make it useful as a fuel. The immense 
quantities of bituminous shales and other combustible earths which are lying by, awaiting the 
exhaustion of the mines of purer coals, may give to these considerations greater importance at a 
future day than they now seem to deserve ; though even now they possess a degree of interest in 
a financial point of view, which should ensure for them some consideration." 

The principal fuels in use for the generation of steam, are wood and coal. Wood is a vegetable 
growth, possessing a great variety of characters ; coal is a substance found in layers in the earth, 
possessing a still greater want of uniformity in its properties. Some varieties of both are capable 
of being partly burned or charred, an operation which changes their characters by dispelling the 
volatile elements, and renders them more useful for some purposes. Charred wood is charcoal; 
charred coal is coke. Wood is known as soft and hard ; coal as anthracite and bituminous. These 
terms are relative only. There are varieties of wood of almost every grade of hardness ; and there 
are coals of almost every character with regard to containing bitumen or resinous ingredients. 
All coal has some bituminous or gas-producing ingredients, of which hydrogen is a principal 
element. 

Wood grows everj^where and coal is very abundant. The United States of America contain 
about 133,000 square miles of coal-fields, many of which contain many beds or layers, one below 
the other. We shall not attempt to enlarge further on the intrinsic nature of either, except to 
enunciate this single fact, that while the varieties of wood are distinguished by names, such as oak, 
pine, etc., which, (although the different specimens vary in different countries and with different 
soils,) are generally quite clearly descriptive of any variety in question, coal has never yet been 
found capable of any kindred classification, and is only known by the name of the district, or of 
the particular mine from which it is procured. Wood is also green or dry, according to the 
time it has been cut, old growth or second growth, according to the age of the tree (although 
little difference is recognized in the value in this respect when used for fuel), and is known as sap 
or heart according to its location in the vegetable organism of the tree. Coal is frequently vari- 
able in its character in the same mine, but is not capable of being designated by any such gener- 
ally known terms. The size into which it has been broken constitutes almost the only general 
terms, except the name of the mine or district, and the general adjectives "anthracite" and 
" bituminous." The sizes are, lump, egg^ etc., down to the finest dust, which latter is known as 
refuse, slack, coal-dust, etc., the names being different in different localities. 

The employment of either or any of these fuels for generating steam, depends on the financial 
element alone. All are suitable, though some more so then others. It is particularly difficult in 
practice to burn coal successfully in ordinary locomotives, in consequence partly of the destruction 
of the boiler by the intensely concentrated heat developed, especially by anthracite. In general^ 
anthracite coal makes an intensely hot fire, but the heat is confined almost exclusively to the spot 
where it lies on the grate; bituminous coal and coke make a blazing fire much less concentrated; 
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while w^ood makes a still freer blaze and is still less violent in its destructive action upon the 
metal. A wood fire is paost easily controlled by regulating the draught of air, while anthracite 
is very obstinate in that respect. 

The following table shows some of the most prominent qualities in the principal American 
woods. 



Species. 


Specific 
gravity 
green. 


Specific 
gravity 
air dried. 


Specific 

gravity 

kiln dried. 


Degrees of 
heat which 

may be 
generated. 


Percentage 

of 

Charcoal. 


Quantity 
of heat as 
to volume. 


Weight of 

one cord 

in lbs. 


Relative 
.value 
as fuel. 


Hickory 

White Oak 

Black Oak 

Red Oak 

Beech 

Birch 

Maple 

Yellow Pine ... * 

Chestnut 

Pitch Pine 

White Pine 


l.O'T 

1.05 
0.98 
0.90 
0.90 

0.87 


0.11 

0.68 
0.59 
0.63 
0.64 

0.47 


0.66 

0.66 
0.58 
0.51 
0.61 

0.38 


3000 
3000 
3000 
3000 
3000 
3000 
3000 
2800 
3000 
2800 
2800 


44.69 
21.62 
23.80 
22.43 
32.36 

27.00 
24,63 
25.25 
19.04 
18.68 


25 
25 
25 
25 
25 
25 
25 
23 
25 
23 
23 


4469 
3821 
3254 
3254 
3236 

2700 
2463 
2333 
1904 
1868 


1.00 
0.81 

0.71 
0.69 
0.65 

0.57 
0.54 
0.52 
0.43 
0.42 



The following table gives the nature and value of several varieties of American coal and coke 



Table showing the Weights^ Evaporative Powers per Weight, and Bulk and Character of Fuels, from Report of 
Professor Walter E. Johnson, 1844, who experimented at the expense of the U, S. Government, 



Designation of Fuel. 



Bituminous. 
Cumberland, maximum, 
" minimum . 

Blossburgh 

Midlothian, screened . . . 
" average. . . . 

Newcastle 

Pictou.., 

Pittsburgh 

Sydney 

Liverpool 

Clover Hill., 

Cannelton, la 

Scotch. 

Anthracite. 

Peach Mountain 

Forest Improvement. . , 
Beaver Meadow, No. 5 

Lackawanna 

Beaver Meadow, No. 3 

Lehigh 

Coke. 

Natural Virginia , 

Midlothian 

Cumberland 

Wood. 
Dry Pine Wood 



Specific 
gravity. 



1.313 
1.337 
1.324 
1.283 
1.294 
1.257 
1.318 
1.252 
1.338 
1.262 
1.285 
1.273 
1.519 

1.464 
1.477 
1.554 
1.421 
1.610 
1.590 

1.323 



Weight 

per cubic 

foot. 



Pounds of 

steam from 

water at 212° 

by 1 lb. of fuel. 



52.92 
54.29 
53.05 
45.72 
54.04 
50.82 
49.25 
46.81 
47.44 
47.88 
45.49 
47.65 
61.09 

53.79 
63.66 
56.19 
48.89 
54.93 
55.32 



32.70 
31.57 

21.01 



10.7 
9.44 
9.72 
8.94 
8,29 
8.66 
8.41 
8.20 
7.99 
7.84 
7.67 
7.34 



10,11 
10.06 
9.88 
9.79 
9.21 
8.93 

8.47 
8.63 



4.69 



Lbs. of steam 
from water at 
212° by I cubic 
foot of fuel. 



573.3 

632.3 

522.6 

438.4 

461.6 

453.9 

478.7 

384.1 

386.1 

411.2 

359,3 

360. 

369.1 

581.3 

577.3 

572.9 

493. 

526.5 

515.4 

407.9 

282.5 
284. 

98.6 



Weight of 
Olinker from 
100 lbs. of coal. 



2.13 
4.53 
3.40 
3.33 
8.82 
3.14 
6.13 
.94 
2.25 
1.86 
3.86 
1.64 
5.63 

3.03 
.81 
.60 
1.24 
1.01 
1.08 

5.31 

10.51 

3.55 



Number of 
cubic feet 
required to 
stow a ton. 



42.3 
41.2 

42.2 

49. 

41.4 

44. 

45. 

47.8 

47.2 

46.7 

49.2 

47. 

43.8 

41.6 
.41.7 
39.8 
45.8 
40.7 
40.5 

48.3 
68.5 
70.9 

106.6 



The above table exhibits the ultimate effects. As a safe estimate for practical values, a deduc- 
tion (for the coals) of -^-^ should be made. 

On the Reading Railroad, Pennsylvania, three pounds of pine wood equal to one pound of 
Anthracite coal. Mr. Haswell estimates the best varieties of wood fuel to contain twenty per 
cent, of carbon. Walter E. Johnson found that one pound of wood, upon an average, evaporated 
two and one half pounds of water. 

The average percentage of coke from American bituminous coal from the above table is sev- 
enty-three per cent., and the average percentage of carbon, sixty-seven and one half per cent. 
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The following table stows tlie relative properties of good coke, coal, and wood. 



Name of Fuel. 


11 




¥ 


III 

iil 


1 

In 


-1 


w 2 ^H* 


Weight of water 

evaporated per pound 

of fuel in ordinary 

practice. 


III 
S"ts 

ir 


Coke 


63 
80 
30 


4300 
4000 
2800 


95 

88 
20 


80 

44 

101 


28 
51 
21 


22.4 
82.0 
16.0 


13 
10 
60. 


6 


100 

11 

29 


Coal 


Wood 





The power of fuel as usually burned depends upon tlie amount of carbon in it. Pure coke is 
almost solid carbon, lience its superior value as a heat generator. 

"Fires dispose of the heat they produce by two means, each very distinct. Eadiation and con- 
duction from the brightly glowing fuel or flame, is one of these means, and in many instances, the 
only useful one ; the heat conveyed away in the current of gases escaping from the fire to mingle 
with the external atnaosphere, is the other. Furnaces for melting metals are examples where only 
the radiant heat of the combustion is made useful. The same was true of the most primitive 
steam boilers and their furnaces. The first boilers were simply spherical or hemispherical vessels 
placed over a forge fire, but all modern boilers are constructed with a view to extract much of the 
heat from these gases by allowing them to circulate under or through the water, and thus to con- 
vey heat thereto. There is, however, a limit to the extent to which this may be carried. It is 
evident that the heat of the gases must be very high on first emerging from the fire. The policy 
adopted in designing boilers is to hold the gases in contact with the metal of the boiler until they 
are cooled down to a certain extent. The water in the boiler is necessarily hot, and it is of course 
impracticable to abstract heat from gases below that temperature, and it is equally impolitic to 
attempt to utilize the heat of the gases after it has been reduced to a point ranging between 1000"" 
and 500° Fahrenheit. The precise point to which the gases may usually be cooled to advantage 
depends on the facilities for promoting the draught, and on the value of space, metal, labor, &c., 
as compared with the cost of fuel." 

There are three principal reasons why more effect is not obtained from the burning of fuels 
in boilers. First, the fuel is frequently not all burned ; second, the products of combustion 
are allowed to convey away much heat as they escape ; and third, a portion of the heat is al- 
lowed to escape from the boiler by radiation. These are worthy of being briefly considered sep- 
arately. 

"When the draught is very active, as in locomotives, large quantities of coal are ejected from the 
stack in the form of small fragments ; another portion of the fuel escapes unburned in the form 
of smoke. The thick clouds of sooty matter sometimes arising from fires, are unburned matter, 
and are valuable portions of the fuel. Smoke is solid carbon minutely divided. It is, probably, 
somewhat changed chemically, so as to exist in a condition analogous to the incombustible "gas 
carbon" which accumulates in gas retorts, but it is, nevertheless, solid and visible. Another, and 
usually a much larger portion of the fuel escapes unburned in the form of gas. The inflammable 
gases evolved by the heat are not all consumed from want of a sufficient supply of oxygen, the heat 
of the fire being sufficient to decompose more than can be supplied with oxygen. The thick 
smoke that escapes from a chimney when fresh fuel is thrown on a hot fire, is partly unconsumed 
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gas ; decomposed from tlie fuel, but without oxygen enough to burn, although there may have been 
a sufficient supply of heat. From this cause it is, that flame is seen coming from the top of a 
steamboat chimney which appears to be continuous from the furnace ; but which, in fact, is ignited 
by contact with the air, having retained sufficient heat for that purpose. 

All smoke-consuming f arnaces, varieties much talked about in Great Britain, simply admit fresh 
air to the unconsumed gases above the fire; this effects their combustion whenever the gases retain 
the necessary amount of heat. But this only prevents the nuisance of smoke. To render the 
gases thus reburned useful in evaporating water, this supply of oxygen must be added while the 
gases are yet in the flues, and not after their escape into the chimney. To this end, James E. 
McConnell (England) divides the flues of his locomotives into two parts, connecting the front 
ends of the first part and the back ends of the second part by a space of twelve or fifteen inches, 
(called by him a " combustion chamber,") into which he admits any required amount of fresh air. 

The heat sometimes produced by the combustion of the gases escaping from a fire is sufficient 
to be of very considerable commercial value. The smoke-boxes of locomotives have been made 
red hot by the combustion there produced, in consequence of accidental leaks which allowed fresh 
air to enter and unite with it. 

As estimated above, it is theoveticallj possible to realize as much or more heat from the burning 
of the gaseous portions as of the solid portions of bituminous coal, but it is not usual to realize any 
considerable effect from the former. The heating effect of a given variety of coal is usually esti- 
mated to depend entirely on the quantity of solid carbon it contains. 

But aside from the ordinary combustible gases in coal or other fuel, it is not unusual for the 
solid carbon itself to escape in a gaseous form without being completely burned. It is possible for 
carbon to combine with only half as much oxygen as is required for complete combustion, and 
although this combination develops heat, it is evident that the amount must be less than if it were 
fully burned. It is supposed by many that the heat produced by this half-burning process is 
exactly half that which would result from the complete combustion of the same fuel, but this mat- 
ter is, as intimated above, not definitely settled. But it is well established that this half-burning 
effect very frequently occurs in some furnaces, and that the resulting gas (carbonic oxide) is cap- 
able of being again burned, and in doing so, of yielding a very considerable amount of heat. This 
latter fact alone is sufficient to prove that all the heat possible to be produced had not been de- 
veloped in the first combination, and to make it desirable either to avoid this action as far as pos- 
sible, or to so arrange the furnace that air is admitted to the carbonic oxide to complete its com- 
bustion before it leaves the heating surface of the boiler. Carbonic oxide forms whenever the heat 
of the fuel is very intense, and there is no air to unite with it. In the interior of a large fire this 
effect is almost invariably produced. The fuel becomes very much heated, giving it a very great 
affinity for oxygen, and as the air is admitted in but comparatively small quantities, so little oxygen 
is supplied that the fuel, failing to find a sufficient quantity for complete combustion, accepts the 
lesser quantity, and combining therewith, rises to escape. If it meets with fresh air before it be- 
comes too cool to ignite, it there completes the combustion, but if not, it goes off and mingles with 
the atmosphere as it is. It is a law of nature that in nearly all chemical combinations the quanti- 
ties combining are definitely proportioned, and it is especially so with the combustion of carbon. 
Oxygen and carbon never unite except in the proportions indicated. A pound of carbon either 
unites with 2.65 pounds of oxygen, and thus forms 3.65 pounds of carbonic acid gas, a gas utterly 
incombustible ; or else it unites under the peculiar circumstances named with half that quantity of 
oxygen, and forms 2.32 J pounds of carbonic oxide. It is worthy of note that the quantity of heat 

12 
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developed by the combustion is, so far as lias been yet ascertained^ precisely tbe same, whether the 
combustion be perfected at once, or whether it be done at the two operations. "We mean by this 
to say, that the formation of carbonic oxide generates a certain quantum of heat, and its subsequent 
conversion into carbonic acid develops other heat, and that the sum of these two quantities of 
heat is precisely equal to the heat which would have resulted from the complete change of the 
same amount of carbon into carbonic acid at a single operation. In firing for steam-generating pur- 
poses, therefore, it is essential to supply sufficient air, either to the fuel burning on the grate or to 
the gases arising therefrom. But it is almost equally important to avoid the extreme of supplying 
too much, as we shall see by considering the second source of loss. 

The second source, as enumerated above, is the heat which escapes in the products of combus- 
tion. The fact that heat escapes in that manner has been sufficiently indicated where it was stated 
to be impracticable to absorb all the heat from the gases. But the subject deserves to be more 
amplified. If from every furnace in operation there is a current of gaseous matter flowing in more 
or less steady streams through the flues or tubes, and thence rising through the chimney, to be dif- 
fused in the air. As the air to form this enters cold at the ash-pit, and escapes hot, it is evident 
that heat is thereby taken from the boiler. 

The gases, at first very hot, impart their heat to the metal of the boiler as they flow along ; but 
they impart it less rapidly as they become cool, until they at length attain so low a degree of tem- 
perature that their heating effect is too slight to compensate for the increased difficulties involved 
in their longer retention. It is, consequently, impracticable to cool the gases with profit below 
that degree. We will illustrate this point more fully. There are a great variety of methods 
adopted in different styles of boilers for the utilization of this heat, but they are all reducible to, 
first, increasing the magnitude of the boiler, and second, increasing the heating surface by dividing 
the passages, or by compelling the gases to travel backwards and forwards in lieu of proceeding 
directly for the chimney. The first is availed of in all the examples of moderate firing, as distin- 
guished from hard firing. When a large boiler has a small grate surface and the draught is slow, 
the gases remain a long time in contact with the metal, and impart their heat very thoroughly ; 
and also when, as in a tubular boiler, the gases are compelled to travel through or among quite 
small tubes, so that the streams of hot gas are very small and the surface they travel over is com- 
paratively very large ; they also impart their heat very thoroughly. This last proposition is true 
to such extent that some locomotive boilers, although very powerfully and, consequently, it might 
be inferred, wastefuUy fired, generate steam as economically as some good donble-return flue or even 
Cornish boilers, in which the slow combustion principle is carried out very fully. But in either 
method, a limit of economy may be reached. When in enlarging our boiler to generate a given 
quantity of steam, we produce such dimensions that the increased losses by radiation of heat from 
its surface equals the increased gain due to the more perfect absorption of the heat, it is evident 
that the utmost limit has been reached, unless the boiler can be more efficiently covered and pro- 
tected. And when in multiplying the tubes and diminishing the diameter of the same, we produce 
such proportions that the increased friction of the surfaces against the moving current checks the 
draught so that the loss is as great as the gain, the limit is equally gained in this direction. In 
practice, the limit in each method of utilizing the heat is, owing to these considerations and the cost 
of the boilers and of repairs, found before the gases are reduced much below 1000° F, The loss 
of heat is now evidently proportional to the quantity of such gases escaping, and it becomes impor- 
tant to reduce the quantity of gases to the smallest possible amount. Every cubic foot of pure air 
which is allowed to pass uselessly though the flues is, therefore, an evil. It enters the furnace or 
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the flue, as the case may be, in a cold state and escapes heated to nearly 1000° ; this heat it con- 
veys away and diffuses in the atmosphere. It is, therefore, a robber, and the admission of such air 
should be guarded against nearly as vigorously as should the escape of unburned fuel. In common 
practice, as before stated, from one-fourth to one-half the gaseous matter which rises through the 
stack is pure air, thus heated and robbing the fire of its power. Some invention which should per- 
fectly adjust the quantity of air entering at all times might effect a very great economy. Aid- 
rich's Hot Blast for Steam Boilers, lately patented, has a device for regulating, as well as for heat- 
ing the air before its admission to the ash-pit, and in both these respects, as also by the results of 
the trials which have been made, it seems adapted to greatly increase the economy of steam gen- 
eration. 

The third source of loss enumerated is the radiation from the boiler. This may be very greatly 
diminished by covering the boiler with a double thickness of brickwork, and, if desired, this may 
again be covered with ashes to an indefinite depth, if the boilers are stationary. Marine, or loco, 
motive boilers, cannot be thus protected, and the thin coverings of felt and wood allow a consid- 
erable quantity of heat to radiate therefrom into the atmosphere ; but under any ordinary circum- 
stances this source of loss is much less important than the other. 

In order to secure conditions under which it would be possible to utilize all the heat of fuel, in 
making steam, it would be necessary to make an absolutely perfect protection of the boiler from 
the radiation of heat, and, also, to absolutely cool down the products of combustion to the same 
temperature, as the air is received. This latter, impossible as it may at first seem, is very nearly 
attained by the Aldrich arrangement above alluded to, the heat remaining in the gases after es- 
caping being made to serve in the chimney for the heating of a stream of cold fresh air which is 
being drawn in to supply the ash-pit. Under these circumstances, it is of far less consequence if 
too much air is supplied, and it only becomes necessary to be certain to provide sufficient for per- 
fect combustion. In that arrangement, the draft is aided and completely controlled by the action 
of a blower, which is driven with an automatically variable speed, as the wants of the apparatus 
require. This is a great step in economy, but there is still a very sensible quantity of heat lost 
in the escape of hot gases. 

We would like to dwell longer on the extremely important subject of combustion, as applied to 
the generation of steam, did our space permit, but having given it a tolerably thorough canvass, 
we will return to the use of steam in the engine. Below is presented a series of calculations and 
proportions for engines and boilers, adapted each to the best present standard of their respective 
classes of work. 

ESTIMATING POWER. 

The old fashion of rating steam-engines as of a certain nominal horse-power, depending on the 
size of the cylinders alone, was established at a time when the pressure of the steam was almost 
uniformly low, and never conveyed a very definite idea of the actual work performed, even under 
those circumstances. Of late it has become common to include, in the estimate of power, all the 
conditions affecting the engine, such as the speed with which it works, the pressure of steam in 
the boiler, the expansion in the cylinder, etc. 

With regard to how much is understood by a horse-power, there is, in this country and England, 
no question at all. Horses vary in their ability to endure protracted labor, and our standard 
may be more or less than the average of horses are able to do, but that is of little importance. 
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So long as the number of horses' power of an engine conveys a definite knowledge of the power, 
it is of little consequence what relation, it sustains to the action of any particular class of animals. 

A horse-power is equal to the lifting of 33000 pounds one foot high each minute. From these 
figures it is, of course, easy to calculate the lifting of smaller or greater weights with a greater or 
less degree of rapidity. Kaising 550 pounds one foot per second is one horse-power, because it is 
precisely equivalent to the figures given above ; and if a man, weighing two hundred pounds, 
raises his weight by climbing stairs at the rate of 82^ feet per minute, he exerts, during the time 
he is so working, just half of one horse-power. 

One of the heaviest mechanical operations now in contemplation, is the pumping to supply the 
city of Brooklyn with water. Twenty million gallons of water per day are proposed to be lifted 
from a pump- well into the reservoir, 165 feet above : required the number of horse-power required 
in the engines to do this, by pumping constantly, or 24 hours per day, a gallon of water weighing 
about eight pounds, 

8x20,000,000x165 ,,,, , 
^3"3:000x 60x24" ^ ^^^^ horse-power. 

Presuming all our readers to be familiar with the signs for multiplication and division, it is 
hardly necessary to explain that this operation consists in multiplying the weight of one gallon, 
by the number of gallons, and that product by the lift, in feet, for a dividend ; and then multiply- 
ing the 33000 by the number of minutes in an hour, and that product by the number of hours in 
a day's work, for a divisor. Dividing the first quantity by the second, we obtain 556, the number 
of horse-power required. To this a very considerable addition should be made in practice, to 
overcome the friction of the pumps, and also the friction of the water in flowing through the 
pipes. The calculation only refers to the power really expended in overcoming the gravity of the 
water. 

These calculations are based, it will be observed, on the effects actually produced, and an allow- 
ance, for friction, etc., should therefore be in addition to our result. It is almost equally easy, 
however, in steam-engines, to base the calculations on the proportions and conditions of the en- 
gine, except that the allowance for losses, (which must, in that case, be a subtraction from the re- 
result,) can rarely be made with perfect accuracy. 

The competing engines, tested at the Crystal Palace in the summer of 1858, were single en- 
gines, diameter of cylinder 12 inches, stroke of piston 3 feet, the pressure of the steam YO pounds 
per square inch above the atmosphere, and the engines made 60 revolutions per minute. Assum- 
ing that the steam followed the piston full stroke, and that the full boiler pressure was maintained 
therein, what was the horse- power ? 



<3.1416x70x3x2x60 ^^ ^^ , 

33000 "^ horse-power. 



In this operation half the diameter of the cylinder is squared, or multiplied by itself, and this 
is multiplied by the familiar constant 3.141592, or, to save figures, by 3.1416. This gives the 
area of the piston in square inches ; this area is then multiplied by the pressure in pounds per 
square inch, (TO,) this, again, by the stroke in feet, (3,) then this is multiplied by 2, because the 
piston moves in both directions to complete a revolution, and this product by the number of rev- 
olutions per minute, (60.) Dividing this product by 33000 gives the approximate horse-power, 
making no deduction for friction. To make this calculation exact, an allowance should first be 
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made for tlie size of tlie piston-rod, wliicli deducts some 4 inches from tlie surface of the piston when 
moving in one direction ; then an allowance, which can never be definitely measured, should be 
made for the losses by friction of the engine, and, by no means least, allowances should be made 
for a diminution of pressure of the steam, in consequence of the difficulty it finds in flowing through 
the narrow passages with sufficient rapidity to follow the piston in its rapid motion, and, again, for 
an inability of the steam to escape instantly from the cylinder into the atmosphere when released. 
The packing rings of the piston and journals of engine-shafts and shaftings cause friction. It has 
been found in practice that the friction of an engine of this description is about 2 pounds per each 
square inch upon the piston, and 5 per cent. = 3.40 for additional friction, (which cannot be found 
by the indicator, but has been found in practice to be so,) it will thus be perceived that of 70 
pounds of pressure, 5.40 are consumed by the friction of the engine without shafting. The addi- 
tional friction of 3.40 pounds is found thus: deduct the 2 pounds from 10 (70-2) = 68, multiply 
68 by 5 (68x5) = 340, and divided by 100 = 3.40 pounds additional friction. The 5.40 = 5tw 
pounds of pressure, is supposed to work the engine with the same speed, or as many revolutions 
per minute as if in full working operation. Now, to find the actual, or effi3ctive horse-power of 
the engine, we deduct the 6.40 = 5Tin5- pounds of pressure per each square inch of the piston at the 
cylinder, for the friction of the engine, from the total pressure 70 pounds, which leaves 64,60 = 
64Tn^ pounds per square inch to work the shafting and machinery. We have to remark, in order 
to find the exact amount of pressure, in pounds, to overcome the friction of the engine by an in- 
dicator, that the engine shaft must make the same revolutions in a minute as if in full working op- 
eration, with all the machinery and shafting connected. The same rule must also be observed, if 
the friction of the shafting should be ascertained. The actual, or effi^ctive horse-power of the en- 
gine would also be 

6^x3.1416 x64.60x3x2x 60 ^^^^ 

330000 == ^^-^ horse-power. 

86—79.7 = 6.3, or 6A horse-power, would be necessary to overcome the friction of the engine. 
Thus, 79.7 horse-power would be to drive the shafting and machinery. As we have found the 
pressure per square inch upon the piston of the cylinder to drive the engine, it is now necessary to 
ascertain the amount of pressure upon a square inch to overcome the friction of shafting, which 
can be done by an indicator, and will vary according to the length of shafting, and heavy or light 
shafting attached to the engine. We will here remark that it will be necessary to disconnect the 
machinery from shafting, in order to find the amount of friction for the same, which may be from 
4 to 7 pounds upon the square inch of the piston. AH our engine builders, or owners of steam- 
engines should actually test their engines, as any deficiency in the working parts, such as piston, 
etc., may be discovered, and a great waste of fuel may be saved. We therefore highly recom- 
mend to them the indicators manufactured at the Novelty Iron Works of this city. A full descrip- 
tion of it will be given below, as well as of their celebrated Manometers, Patent Engine Register 
or Counter. 

According to Watt's rule, to designate the size of engines in measures by horse-power, steam 
was used at atmospheric pressure only, or 14.7 pounds, of which 4.7 pounds was supposed to be 
lost by imperfect condensation, and 3 pounds by the friction of the engine, leaving but ^7 lbs. for 
effective pressure upon the piston. By the term ''horse-power," therefore, as the unit of measure- 
ment for the manufacture and sale of steam-engines, was understood, engines of such specific 
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sizes and proportions as to "be able, with a tmiform pressure of 7 lbs. to raise for eacli horse-power 
33000 lbs. one foot Mgli per minute. An increase in tlie amount of pressure used has since led 
to the distinctions of " nominaP and " effective" horse-power; the former being applied to the 
size, and the latter to the power of steam-engines. The effective power is found correctly only 
by the use of the indicator. To find the "effective power" of an engine, or that power which an 
engine absolutely exerts in giving motion to machinery, or in propelling a boat, it is necessary to 
know first what force is required to overcome its own friction. In giving motion to machinery, 
this power is readily told by the indicator ; but in propelling a boat, the engine is seldom in mo- 
tion without the paddle-wheels being in part submerged. It is therefore necessary, in that case, to 
estimate the power consumed by friction. By the use of the indicator, it has been ascertained 
that in well-made engines, when unloaded, the friction varies from one to five pounds per each 
inch in the area of the piston; the largest class rarely exceeding the first amount. The friction 
of an engine is variously estimated. In Hasweirs Tables, the pressure to overcome the friction 
of the engine is given at one-eighth of the pressure of the steam-gauge. Brown, in his Catechism 
on the Steam-Engine, gives 1 pound as the friction of a locomotive when unloaded, as found by 
experiment, and estimates the additional friction caused by additional resistance at about .14 of 
that resistance. McNaught gives the friction of a 30 horse-power condensing engine at 1.75, run- 
ning with a few feet of shafting; and 2.15, with cold water pumps, additional. Brown in his 
Treatise on the. indicator, gives 1 pound as the friction of large engines, and of a small engine 1.7 
pound; also, of a 25 horse-power non-condensing engine, with gearing and 40 feet of 4 inch shaft- 
ing, 4.82 pounds ; and 7.12 pounds at 45 and 60 revolutions respectively. Additional friction is 
created as resistance increases, but how much cannot be so well ascertained by the indicator. It 
is estimated by McNaught at five per cent, of the increased pressure upon the piston. To find 
the effective horse-power of an engine by an indicator, it is necessary to take two diagrams, one 
for the friction of the engine and the other for the gross amount of labor performed, and to de- 
duct from the sum of the measurement of the latter that of the former, together with 5 per cent, 
of the remainder for additional friction created by the increased resistance. If the power to 
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drive the macMnery attached to an engine be the inquiry, this, obviously, is the method to be 
pursued— taking one diagram with the machinery in motion and another with the engine and 
shafting only. 

Thus, in the preceding diagrams, taken by the Novelty Iron Works, of this city, from a high 
pressure engine (Figs. 6 and 7) used in a manufacturing establishment, it will be seen that 8.5 lbs. 
is the average or effective force of steam per square inch upon the piston required to move the 
engine with mill work and shafting, or that an average of 30 pounds is required when the ma- 
chinery is in motion. If two pounds be allowed for the friction of the engine, and five per cent. 
= 1.4 for additional friction, it will be perceived, that of the 30 pounds of steam, 3.4 are con- 
sumed by the friction of the engine, 6.18 for the shafting, and 20.42 for driving the machinery. 
In other words, the gross diagram shows 30 pounds, and the friction 8.5. Of this 8.5, two pounds 
are to be deducted for the original friction of the engine, and also five per cent. = .32 of the 6.5 
remaining. Then 8.5 — 2.32 = 6.18 for the shafting. Subtracting the amount of the friction dia- 
gram from that of the gross, we have 30— 8.5 = 21.5 for the power to drive the machinery. But 
of this 21.5, five per cent. = 1,08, is for the increased friction of the engine. Therefore, we have, 
as before : 21.5 — 1.08 = 20.42 for machinery. 

8.5-2.32= 6.18 for shafting. 

.2 + 1.4 = 3.4 for engine. 

3000" 

It is now required to find the effective horse-power of the engine, the stroke of which is 4' feet, 
piston 18" inches, and makes 30 revolutions per minute. To do this two methods are presented, 
varying little, if any in the result. 

FIEST, BY THE USUAL FOEMULA. 

Rule. — ^Multiply the number of square inches in the area of the piston by the pressure of steam 
in pounds, less the amount required to overcome friction of engine ; multiply this product by the 
number of feet the piston travels per minute, and divide by 33000, the number of pounds a horse 
is supposed to be able to raise through one foot of space in one minute. 

Area of cylinder, per table, 254.47 
Steam, per diagram, 30 — 3.4 = 26.6 

i526"82' 
152682 
50894 
Pressure on piston, in pounds, 6 Y68.902 

Speed of piston, 4 x 2 x 30 240 

2Y0Y56080 
13537804 



33000)1624536.480(49.22 effective, or actual horse- 
132000 power of the engine, 

3045"36" 
297000 



75364 
66000 



93648 

66000 

7648 
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The pressure of the steam in the boiler, when the dia6ram, fig. 7, was taken, was 90 pounds, 
and cutting off at i of the stroke. A further explanation of it will be given under the Treatise of 
Best Form of Diagrams. 

SECOND FORMULA. 

[By adding to the divisor (33000) an equivalent for the 6 per cent, additional friction, and 
finding the horse-power for each pound of pressure, shown in the gross diagram, over that of 
the friction.] 

i2'2^k— Multiply the area of piston in inches by its speed in feet per minute, and divide the 
product by 34660 ; the quotient is the number of horse-power for each pound of steam shown in 
the gross diagram, over that of the friction, or the sum allowed for its equivalent. The number 
thus obtained will serve for estimating the power of the engine, as long as the diameter of the 
cylinder and speed of the piston remain the same. 

Example. The same diagram as before : 

Area of piston 254.47 

Speed per minute, 240 

1017880 
50894 

34650)61072.80(1.76256 horse-power for each pound of steam. 
34650 

264228 
242550 



216780 
207900 
88800 
69300 
195000 
173250 
^217500 
207900 
9600 

1.76256 
Then pressure of steam 30 lbs. — 2 = 28 

1410048 
352512 



49.35168 or 49^ horse-power of engine. 

Before proceeding further with the calculations, proper proportions of the various kinds of 
steam-engines with gearings and shaftings attached to it, it is a matter of great importance to en- 
gineers and owners of steam-engines, to describe fully the advantages obtained by Stillman's 
Indicator and how it is to be used. We, therefore, take great pleasure in saying that the man- 
ufacturers have furnished us with every particular as to its application for high and low pressure 
engines, as also the diagrams and some tables, which will be illustrated hereafter. A description 
of Stillman's Patent Manometer Gauges and other instruments used in connection with steam 
engines, boilers, etc., will be set forth with illustrations. 



THE STEAM-ENOINE INDICATOR- 



USE OF THE INSTRUMENT. 



The design of tlie Steam-engine Indicator is to enable those who make, use, or have the charge 
of steam-engines, to ascertain, at any moment desired, the condition of the parts of the engine 
subject to the direct action of the steam, and to what advantage the steam is applied. Its indica- 
tions are automatically drawn on paper, and by the form of the diagram which it makes may be 
known the following particulars, viz. : 

1st. Whether the valves are properly constructed and set, and if the steam-passages, or ports, 
are of proper size to receive and discharge the steam in time to produce the best effect. 

2d. What pressure of steam there is upon the piston at every position in the cylinder, as well 
as its average during the stroke. 

3d, What is the value of the vacuum acting upon the piston of a condensing engine in all its 
positions in the cylinder, and what its average. 

4th. Whether the exhaust passage from the cylinder of a non-condensing engine is sufficiently 
large to give a free exit to the steam, and if not, what percentage of power is lost in forcibly 
expelling it. 

5th. The actual consumption of steam in giving motion to the engine, and also what additional 
steam is used in giving motion to the shafting and mill work ; and then what power is required to 
give the requisite motion to the machinery, or to any part of it, provided it offers sufficient resist- 
ance to form any measurable proportion of the power qf the engine. It will therefore indicate, 
at any time, or under any particular condition, the actual power of the engine. 

6th. In manufacturing establishments, where power is sold to tenants, it will show how much is 
consumed ; or, in mills where extensive lines of shafting or any kind of machinery is used, the 
principal resistance of which is by friction of its parts, it will guide to the selection of proper oils 
for lubrication. 

7th. It will demonstrate the degree of economy in using steam of high pressure and the use of 
expansion, and also the relative efficiency of different kinds of expansion apparatus. 

If applied also to the air-pump of condensing engines, it will give the data^by which to deter- 
mine the quantity of water that would, under the circumstances, be most economically used in the 
condensation of the steam, or it may be advantageously applied to other pumps, when they do not 
work efficiently, to discover the nature or extent of defects or derangements. 

The Indicator, therefore, is an invaluable appendage to the steam-engine, and where successfully 
applied can scarcely be too highly estimated. 

13 
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DESCEIPTION OF THE INDICATOK. 

Tlie principle and action of the Indicator are so simple, and, to most prac- 
tical engineers, now so well known, that they will need but little particular 
description liere« Some persons, however, into whose hands this treatise 
may fall, will perhaps be entirely unacquainted with the instrument. To 
such the following cut and explanation will give an idea of its con- 
structioUc 

A is a brass case inclosing a cylinder, into which a piston is nicely fitted. 
To the piston-rod a spiral spring is attached to resist the steam and vacuum 
when acting against ito B is a pencil attached to the piston-rodo C is an 
arm attached to the case, and supporting a cylinder D, which may be 
caused to rotate back and forth— a part of a revolution in one direction, 
by means of a line or cord e^ attached to a suitable part of the engine—- 
and in the other by means of a strong watch-spring within this cylinder D. 
Outside this cylinder is to be wound a paper, upon which a diagram will be 
made, by the combined action of the piston and paper cylinder, represent- 
ing, by its area, the power exerted on one side of the piston during the 
whole revolution of the engine, f f are springs to secure the paper to the 
cylinder. ^ is a scale divided into parts corresponding to the pounds of 
pressure on the square inch. These divisions, for convenience of measuring 
the diagrams with a common rule, are generally made in some regular 
parts of an inch, as 8ths, lOths, 12ths, 20ths, 30ths. li is a cock by means 
of and through which it is connected with the engine cylinder. 



HOW TO ATTACH THE INDICATOR. 



Into whatever part of the engine it may be desired to apply the Indicator, there must first be 
inserted a small stop-cock, with a socket to receive the one connected, with the Indicator, The 
instrument is to be set into this in such a position, that the line attached to the paper cylinder 
shall lead through or over the gu.ide pulley toward the place whence it is to receive its motion« 
An extension of this line should be connected with some part of the engine, the motion of which 
is coincident with that of the piston, and which would give the paper cylinder a motion of about 
three-fourths of a revolution. If the engine is of the construction denominated heam or hvei'^ 
engine, and is provided with a "parallel motion" the parallel bar, or a pulley on the radius shaft, 
furnishes the prope'r motion ; if otherwise, the beam centre may be resorted tOe In the kind de- 
nominated scfimre engines, the centre of the air-pump gives it. In horizontal and vertical direct 
acting engines, it will frequently be found necessary to erect a temporary rock-shaft, or lever, con- 
nected with the cross-head. Particular care should be taken, when the power of the engine is to 
be estimated, that the motion communicated be perfectly coincident with that of the piston. 

In nearly all forms of the steam-engine, the proper motion may be obtained by attaching a line 
to the cross-head, and passing it over a delicately constructed pulley, to the axis of which should 
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he attached a smaller one, from wMch a line sliall connect with, the Indicator. The proportional 
sizes of the two pulleys, of coitrse, should be as the distance travelled by the piston to the length 
of motion given to the paper cylinder of the Indicator* It will be necessary to attach a strong 
spring to tlie; axis of these pnlleys, to prodTOe the reverse motion promptly.. In an oscillating 
engine, it will be neoess^y that the Indicator, with its fixtures, should be attached to the 
cylinder. 

As the pap^r cylinder cannot make more than abolit three-fbnrths of a revolution without diB«^ 
turbing the point of the pencil^ it will be seen liat the line communicating the motion must be 
of a definite length. It also requires to be readily connected and disconnected. To meet these 
demands, one end should be provided with a riinning loop,^ and the other with a hook. 

When the Indicator is to be attached to the lower end of a vertical cylinder, or to a horizontal 
one, it may be worked horizontally; but it is better to avoid such a position by the use of an- 
angular attachment to the cocks* 

TO TAKE A DIAGEAM. 

When the Indicator and line are satisfactorily arranged, the pencil holder should be provided 
with a hard and well-pointed pencil. Kegulate the bearing of this pencil by sliding it farther in 
or out of the holder; or by moving the 
paper cylinder forward or backward, so that f ' ^ d 
it shall bear very lightly upon the paper. 

Arrange the motion of the paper cylinder, 
by means of the running loop, so that it shall 
not be checked at one end by contact with 
its stop fixture, nor at the other by the paper 
springs coming in contact with the pencil, 
either of which occurring would alter the 
shape of the diagram. Lift off the movable 
part of the paper cylinder, and afiix the 
paper, upon which the diagram is to be made. 
The most ready method of doing this is to 
secure one corner of the paper by one spring; 
then, bending it around the cylinder, enter 
the other between the springs, andj clasping 
the hand around it, slide the whole down, 
taking care to leave it smooth and tight. ^The cylinder should then be restored to its place. 
The cocks may now be opened, to admit the steam to expand the cylinder and piston, and to see 
if its motion be free. When all is satisfactory, close the cock, and bend the pencil to the paper, 
and it will trace the atmospheric line, represented in the diagram by the line a h. Then, with the 
hand, press the piston down until the index is at 15 below on the scale of lbs. ; or, more exactly, 
to the figure agreeing with the existing state of the barometer, and let it trace the similar line a' 5', 
representing perfect vacuum. Let it be supposed, that the diagram to be taken be from the top of 
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* Provide a piece of metal about an inch long^ one-sixth wide, and half 
as thick, and divide it equally by four holes. Through this reeve the 
line, as here represented, and you have a very convenient running loop. ^ 
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the cylinder of a condensing engine, worked by a slide steam valve, and provided also with a cut- 
off valve. Now, if the cocks be again opened, just as the piston begins to descend, the pencil will 
pass in a nearly direct line to c^ and then, as the cylinder or paper revolves, the line o d will be 
drawn. At d the ingress of the steam is stopped by the cut-off valve, and the remainder of the 
stroke is performed by the expansive force of the steam, which produces the curved line d h. At 
h the exhaust- valve opens, and produces the exhaust line h e. The backward motion of the paper 
then produces the vacuum line e /, At / the exhaust-valve closes, and the remaining vapor 
begins to be compressed by the piston, producing the curved line/ a^ and upon the steam the 
effect called cushioning. Thus the pencil will have circumscribed on the paper a figure, the form 
of which exactly indicates the force exerted upon one side of the piston of the engine at every 
part of the stroke. The pencil should now be bent backward, the cock shut, and the diagram 
removed. ,The cord may be disengaged when most convenient. 

For the convenience of describing these diagrams, their several parts will be designated as 
follows: — 

The line from a to 5, the atmospheric line. 

" " " a' to h\ perfect vacuum line. 

" " " a to 0^ receiving line. 

" " " G to J, steam line. 

" " " d to 5, line or curve of expansion. 

" " '^ 5 to e^ exhaust line. 

" '' " e to /, vacuum or exhaust line, 

" " " / to a^ lead or cushion line. 
In non-condensing engines, there being no vacuum, the line from h to /, inclusive, will be con- 
sidered as the exhaust. 

It should be borne in mind, that the extreme end or point of the diagram is produced at the 
exact time the engine is passing its centre. Thus it will be perceived, that the steam was in this 
instance admitted to the piston while the crank was on or passing one centre, and was exhausted 
before it reached the other, which it passed with a vacuum under it of about six pounds. It will 
often, and perhaps most generally, be found, that two diagrams, taken at the different ends of the 
cylinder, will in some respects be dissimilar. In estimating the power of the engine, it is proper 
that this difference should be known, and the average of the two taken. It frequently happens, 
that several diagrams are taken from an engine at or near the same time, but from a different 
place, or under some different arrangement. Therefore, to avoid mistakes, and to make it more 
intelligible, immediately upon its removal from the Indicator a note should be made upon the 
margin, naming the engine, and stating the time and circumstances under which it was taken, with 
the height of steam, the labor it was doing, its vacuum by mercury gauge, the height of mercury 
in barometer, heat of water in condenser, &c. 

For the purpose of ascertaining the condition of the valves, piston, &c., it will, in the hand of 
an experienced engineer, be quite sufficient for him to see the general outline of the diagram ; but 
if it is to be used for ascertaining the power of the engine, its average measurement is to be 
ascertained. This will best be done by dividing it by a series of equi-distant vertical lines, and 
marking in each division its average measurement as in figure 2. A division into 10 parts will, 
generally, be found most convenient; but for extreme accuracy, double the number may be 
required. The sum total of these measurements, divided by. the number of them, will give 
the average or effective pressure per inch upon the piston. For all diagrams taken from non-con- 
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densing engines, and for others where only the 
effective pressure is sought, this manner of meas- 
urement is all that is required. 

A more beautiful mode of dividing and mark- 
ing the diagrams, and one which might well be 
pursued where the diagram is to be given or 
transmitted to a person who has not access to the 
scale of the instrument, is to draw, in different 
colored ink, another series of lilies, parallel to 
the line, and at distances agreeing with and 
numbered according to the scale of pounds on 
the Indicator, in the following manner. 

So arranged, the eye as readily .comprehends their measurement as if the figures were written 
upon them, while their general character is still more readily observed. Some times it is desirable 

to find the value of the steam and vacuum pres- 
sure separately. To do this, it is necessary to 
measure from the line upwards for the steam, 
and, downwards for the vacuum. But in using 
steam expansively, it is common for the steam 
to expand until the line of expansion crosses the 
atmospheric line. In this case, the steam and 
expansion lines are to be measured from so 
long as any part of them remains above 0. 
"When it goes below, it forms the upper bound- 
ary of the vacuum, as in the following figure. 
The pressure of steam is frequently, and most 
correctly, measured from the line of perfect 
S ?H "^ V>. Vk S S ^ ^ "^ I S vacuum. In- such case the atmospheric line 

w^ould be counted the 15th, and the vacuum 0. 
Where this mode is used, the diagram should be marked in the following manner. 

In this case it is necessary to deduct as resist- 
ance from the sum of the pressures indicated by 
the steam and expansion lines, (measured from 
zero,) the sum of the measurements between 
the and the vacuum lines,and divide as before. 
A diagram from a non-condensing engine should 
be measured in a similar manner — -zero^ how- 
ever, being at atmospheric pressure. In Figure 
6, the steam or expansion line falls below the 
zero. In such cases, the space between the 
expansion and lines is to be regarded as 
measuring the direct pressure, and all below 
the 0, together with all between it and the ex- 
haust, as resistance. To ascertain the amount 
of steam used in giving motion to the 
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ctinery, without having regard to the condition of the engine, it fe sufficient to ineasui'e the 
space between the steam, and vacuum lines, as in Figure 6. 

In designating the quality of vacuum formed under the piston, there are two elements affecting 
it, which ought to be noticed, viz.: the weight of the atmosphel^e,.and the. temperature of the 
water in the condenser at the time the diagram was made. For, if the barometer stands at only 
28 inches, 30'' of mercury being equivalent to 14.'7 lbs., 13.Y lbs. would be a perfect vacuum; and 
if the water in the condenser be at a temperature of 130°, its vapor will form a resistance of 2^17 
lbs.; therefore the lowest attainable vacuum would be but 13.t'-^2.it =11.53 lbs.; whereas, if the 
barometer stood at 31", a perfect vacuum would be 16.2; and if the water was but 100°, its 
vapor would give a resistance of only .9, and consequently, the highest attainable vacunm would 
be 15.2— .9=14.3 lbs., making a difference of 2.77 Ibs.^^ 

The table showing the force with which vapor or uncondensed steam resists the ascent or 
descent of the piston, according to the temperature of the water discharged from the air-pump, 
and also the table of the variations of the weight of the atmosphere, m shown by the barometei^ 
will make apparent the necessity of these observationSc 



TO KEEP THE INDICATOR IN OEDER. 

After the Indicator has been used, and before putting it up, it should be taken apart and care- 
fully cleaned and dried, to prevent injury to the springs, and to keep the dust and dirt from 
scratching the cylinder and piston; and, before using it, the cylinder and piston, and the axis of 
the paper cylinder, should be lubricated with some clean oil. If, in the use of the Indicator, the 
cylinder or piston should get cut or scratched, so as to interfere with the freedom of its motion, 
they should be delicately scraped and burjiiahed, or ground with some nicely prepared polishing 
powder or tripoli* 

The piston of the Indicator is, or ought to be exactU/ what it purports to be, viz.: of the area 
of '^', ^\y^yV\(yv 2", as the case may be, and would consequently have a diameter of .4", .66", 
.8", 1.125", or 1.162". To ascertain at any time whether the spring retains its original strength, 
it is, therefore, only necessary to turn the instrument up end down, readjust the scale to the 
index, and attach to the piston-rod a weight of such size as will give the spring the desired exten- 
sion^ A piston of y area will be moved through each division of 1 lb., by each 2 oz* or ^ lb. so 
applied ; a J" by A oz. or J lb. ; a J" by 8 oz. ; a 1" by 1 lb. ; and a 2" by 2 lbs. 

* The vacuum shown by the Indicator will generally vary from tiiat shown by the vacuum gauge, when it is constructed with a glass 
tube, hermetically sealed at the top; for 'such gauges are designed to show the variation from a perfect vacuum, without reference to the 
weight of tiie atmosphere ; but the vacuum shown by the Indicator is affected by all its variations. 
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BEST FORM OF BIAGRAMS. 



Were all angiiies eonstriiicted in the best possible proportion of valves, steam passages, etc., and 
run at tliej)roper speed for sucli proportion-~-and were the valves and pistons always tight, the 
same allowance made for elearance of piston, and no condensation of steam allowed in the cylin- 
der — general rules might be given for the shape of diagrams from condensing and non-condensing 
engines, for each different pressure of ^team and gradation of expansion. Thus, if steam were 
admitted freely from the boiler to the cylinder of a high-pressure engine during the whole stroke 
of the piston, the diagram should be nearly a parallelogram, the upper line of which would 
represent the pi-essure /of the steam on one side of the piston, and the lower that of the exhaust 
steam on the other side, and the ends of it would be described while the piston of the indicator 
was passing from one end of the cylinder to the other. Three of the corners of such a diagram 
might, as a general thing, be quite well-defined angles; but the fourth— that which is produced 
while the piston of the indicator is passing from the steam line to the exhaust — must be more or 
less curved, iinlesa the engine was going very slow, or the ports extraordinarily large, as the con- 
tents of the cylinder of the engine must be discharged during the time this line is being 
described. 

A diagram in such a form would indicate, that the engine was receiving a power equal to the 
pressure of steam acting upon the piston during the whole length of the stroke. No exaniple of 
guch a diagram is given. The nearest approach to it is the one in the group Fig. 15, drawn in 
small dots. But in the engine which produced this, the steam was allowed to enter the cylinder 
but seven-eighths of the stroke, and only one-quarter of the usual speed was made. All the 
corners, it will be perceived, excepting the one where the cut-off changed the course of the steam 
line, are quite sharp, the exhaust line running parallel, and varying uniformly but about one 
pound from the pressure of the atmosphere. It is seldom that a diagram sq perfect in all these 
respects is produced, 

A diagram from a condensing engine diJBfers fi'oni one produced by a non-condensing, in the fact 
that in the latter the lower line, instead of being a little above atmospheric pressure, approaches 
nearly to that of perfect vacuum ^ and, aa the steam, has to be condensed while the pencil is trac- 
ing the exhaust line, it is still more difficult, with such engines, to produce in the lines well-defined 
angles. There is also more or less of a curve produced at the termination of the vacuum line, 
owing either to the lead of the valves, or the compression of vapor as the valve approaches its 
seat. But nearly the whole of the area of the diagram lost from want of sharpness in the several 
parts, or their departure from right angles, except when it is the result of expansion, represents 
so much capacity of the engine, for which there has been an expenditure of steam, and for which 
there has been no other consideration exchanged than the relief to the engine from the effect^ of 
the greater percussion produced by a more instantaneous charge of the force acting upon the 
piston. To produce these with well-defined angles, it is evident that the pressure upon the piston 
of the engine must be changed from one side to the other, nearly or so far as the usual diagram 
would show, quite instantaneously— a usage that few large engines would be able to stand. 
While economy of fuel, therefore, requires well-defined angles, the stability of the engine, or 
economy of repairs, must direct how nearly they may be allowed to approach them. Figs. 3, 4, 
and 6, are examples of good diagrams in this particular. 
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If a diagram be taken witL. fhe paper cylinder moved by a belt from the main shaft, it will be 
produced in a continuous line, and show very correctly what proportion of the revolution of the 
engine is made while the piston is passing from the best condition of vacuum to the full pressure 
of steam. The following diagram was taken in this manner from one of the engines in H. B. M. 
model steamer Bee^ using steam at a boiler pressure of ^ lbs., cutting off about three-sixteenths 

by the lap of the slide valve. It was taken by 
Mr. Brown, the engineer of the ship, and pub- 
lished in his "Treatise on the Indicator and 
Dynamometer ^\ from which it has been re- 
duced to the present scale for this work. 

From A to B is the exhaust and vacuum 
lines ; from B to 0, the cushioning ; C to D, 
receiving line ; B to E, steam line; E to A, expansion; FF is supposed to be the ends of the 
stroke. 

Fig. 9 is the same diagram extended more nearly to its original length, the ends joined and then 

folded at F Fso as to represent more nearly the 
^^^^^ * usual diagram, but still preserving the peculiar 

length and proportion of the lines. Diagrams 
taken in this manner expose more perfectly 
defective arrangements of valves ; and a studi- 
ous comparison of them in connection with the 
usual form, may often be useful in detecting 
defective sizes and proportions of valves, steam 
passages, etc., and show very correctly the proportion of time occupied in each different operation 
during the revolution of the engine. 

The usual form of diagram from one of the same engines, as shown at Fig. 14, represents the 
steam and exhaust lines as if they had been drawn nearly or quite instantaneously. 

Another such diagram, taken from the engine of one of the steamers of the Pacific U. S. Mail 
Co., is given at Fig. 12, It is drawn, in connection with one of the ordinary form, from each end 
of the cylinder. 

When the steam is used expansively, either in condensing or non-condensing engines, the line 
produced from the point where the expansion valve closes to the end of the stroke, if the valve 
is properly constructed, and the cylinder sufficiently protected or jacketed^ Ai^ovldi be nearly a 
hyperbolic curve, and may be thus described: Let an area be supposed equal to the longitudinal 
section of the cylinder, which, for the present purpose, may be 10 feet = 120 inches by 80. Let 
this be divided transversely into 10 sections. Now, if the steam used has an elastic force of 25 
lbs. above the atmosphere, it will, with the 15 lbs. of the atmosphere, be equal to 40 lbs. ; and if 
freely admitted to the cylinder for a distance equal to one of the above divisions, and then shut 
off, and the piston allowed to continue its motion to another of the divisions, the pressure of steam 
will be reduced one-half; and if its motion be continued to the fourth section, it will be reduced 
to one-fourth of. its original pressure; if to the eighth, to one-eighth; and so on, reducing the 
pressure of steam one-half as often as the piston travels a distance equal to the whole of its previous 
movement. Now, if a line be drawn truly through these several points, it will represent the 
curve due to such a proportion of cut-off; and the area described will give the average pressure 
exerted by the steam during the stroke. The following figure represents such a curve, and also 
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Figure 10. 




such other curves as would have been described had the steam been, cut oflf at either of the other 
sections. 

The figures at the right show to what pressure 
the steam would be reduced by expansion, and 
those at the top, its average pressure at that de- 
gree of expansion. 

The condensation of steam by radiation of 
heat from the cylinder, the leakage of the steam 
through the piston, or valves, or the expansion 
of the steam in the nozzles of the cylinder, the 
steam-pipes, or the extra length of cylinder al- 
lowed for clearance of the piston, will vary the 
shape and termination of the curve. It should, 
therefore, always be an inquiry, upon the pro- 
duction of a diagram, whether this curve be 
theoretically correct or not. If it is not, a satis- 
factory reason should be found for it, in the con- 
struction of the engine, or the valves, and the piston should be thoroughly examined. A ready 
method to determine at what point this curve should terminate, is, to find the capacity of nozzles, 
pipe, &c., from the expansion-valve to the cylinder, and, adding it to the clearance, call it so much 
additional length of stroke. Extend the diagram in the same proportion, and then divide it into 
any number of parts that will divide it equally, and have one of the divisions cut it at the point 
where the valve closed. Take the number of those divisions on the steam line for the numerator 
of a fraction, and the whole number of them for the denominator, and divide with it the whole 
pressure upon the piston. Thus, Fig. 1 may be divided into ten equal parts, two of which measure 
the steam line, and therefore, the divisor is the fraction ii), the dividend being 54, which, divided 
by To = 10.8, for the point where the curve ought to have terminated. 

A variety of diagrams, taken fi^om dilfferent engines, and under various circumstances, selected 
for some peculiarity, are introduced to farther illustrate the subject — a brief explanation of which, 
it is hoped, with what has now been said, will enable persons using the indicator to form correct 
opinions of the performances of such engines as they may have occasion to examine with its aid. 
Fig. 2, page 99, is from an English condensing engine, using steam at from 35 to 45 lbs. pressure 
above that of the atmosphere, and cutting off at i of the stroke. The steam-line from c to d^ 
would have been better had it been straight, or parallel to the line. Its curve is probably pro- 
duced by a contracted valve, which does not allow sufficient steam to pass to keep up the pressure, 
and it has, in consequence, fallen at the point of cut-off 4.5 lbs. The curve of the expansion-line 
is not theoretically correct, for at its tei-mination, even had there been no condensation of steam 
in the cylinder, it should have fallen 4.2 lbs. farther down. This deviation has probably been 
produced by leakage of the cut-off valve, assisted perhaps a trifle, by the capacity of the nozzles. 
Nor is the vacuum-line so low as it might have been, the average vacuum being but 10.85 ; but its 
contour shows that it might have been improved by a larger supply of cold water. It is, never- 
theless, a very good diagram, and the engine is known to have been working with very great 
economy. 

Fig. 3 is taken from the engine of one of the Atlantic mail steamers, cutting off at a fraction 
above one-third, by the closing of the induction or steam-valve by the arrangement for expansion 

14 
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patented by Mr. Horatio Allen. Tlie termination of tlie expansion-line is lower than what is due 
to the length of cnt-off, by nearly fonr lbs., and it is probably about what is due to loss by radia- 
tion of heat from the cylinder. The diagram in dotted line, was produced by the engine when 
working without condensation. The loop at the right, was produced by the steam expanding be- 
low the atmosphere ; and then, as the exhaust-valve opens, steam from the condenser returns to 
the cylinder to restore the equilibrium. There appears to have been, at this time, or under these 
circumstances, too much lead — ^the engine passing the centre resisted by a pressure of about 
13 lbs. 

Fig. 4 is taken from the upper end of the cylinder of the engine in one of the Pacific mail 
steamers. It was cutting off at one-fourth of the stroke, by a similar arrangement for expansion 
as used in Fig. 3. The expansion-line shows that the valve leaked — -the termination of it due to 
the pressure of steam and place of cutting off, being 6.9 lbs. below the atmospheric line. The 
lead-line is very short, what exists being produced, probably, by cushioning, for the receiving-line 
commencing at 9 lbs. below 0, and curving inward, shows that the crank passed the centre, and 
commenced its downward stroke resisted by 9 lbs. vacuum. The curve of the receiving-line is 
produced by the paper cylinder starting a trifle before the steam was admitted to the piston. 

Fig. 5 is from the engine of a boat designed for freighting business in the port of New York — 
is cutting off at about one-tenth, by the closing of the steam- valve, using the arrangement for ex- 
pansion patented by E. L. Stevens, Esq. The exhaust-line shows a trifling lead, but under the 
circumstances, quite sufficient to produce a nearly perfect condensation of the steam by the time 
the engine had passed the centre — producing a very superior vacuum throughout the stroke, and 
an average pressure of 15.18 lbs., with a consumption of 9 lbs. steam. By comparing it with Fig. 
10, it will be seen that the line of expansion terminated from 4 to 5 lbs. too high for the degree 
of expansion, occasioned, doubtless, by imperfection of the valve. 

Figs. 6 and Y, as has been stated, are from a non-condensing, or high-pressure engine. When 
Fig. 6 was taken, the engine was in superior order, and expanding f. The curve of the expansion- 
line terminates at 4 lbs. below the atmosphere, or 2 lbs. above what it ought to be. At the termi- 
nation of the stroke, the cylinder took steam again from the exhaust, producing the loop at the 
right. Fig. 7 was taken when the engine was using steam at a boiler-pressure of 90 lbs., and cut" 
ting off at -S-. A large steam- valve chamber, into which the steam had been passing, while f of 
the stroke was made, furnished steam, in addition to what passed the governor-valve, to produce 
the first part of the steam-line quite parallel. The increased speed of the piston at this part of 
the stroke, demanded more steam to keep up this line than could pass the governor-valve, conse 
quently, the pressure falls off to Y3 lbs. at the place of cutting off. The spires at the apex of the 
receiving-lines, are produced in part by the momentum of the indicator-piston, but mostly, from 
having a greater pressure of steam in the boiler than is required to do the work, and which is 
enabled momentarily to act upon the piston with nearly its full force, while the crank is passing 
the centre. Such spires will generally be found to indicate very nearly the pressure of steam 
within the boiler, and that the pressure is higher than is required to do the work. In the original 
of Fig. 6, this spire was continued up to Y 5 lbs., from whence it reacted to 31 lbs. The course of 
the dotted line is to be followed in measuring such diagrams. 

Fig. 11 was taken by Mr. McNaught, soon after the introduction of his indicator, from an old 
English condensing engine, with a diameter of cylinder of 32'^, and a length of stroke of 5'^ 
working steam at atmospheric pressure only. 

It is introduced to show the then existing knowledge of what was necessary to produce the 
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best action of the engine. In this case, with a vacuum-gage attached to the condenser, exhibiting 
a constant vacuum of 13.5 to 14 lbs., or. 21 to 28 inches, no one thought to fault its performances ; 
but, on the application of the indicator, it was Figure ii. 

found, that the average vacuum acting upon the 
piston, was not over 8.63 lbs,, or lYV^ An alter- 
ation in the capacity of the eduction-valves and 
passages was then made, and No. 2 shows the re- 
sult, it having increased the vacuum 2.81 lbs., and 
added to the power of the engine above one- 
fourth, without any change in the quantity of fuel 
consumed. The valves were, subsequently, more 

nicely adjusted, a little lead being given to them, . : . ^ 

and they were arranged to cut off at tV. To compensate in part for this loss of power, the steam 
was allowed to rise 1 lb. above the pressure of the atmosphere, and as a much superior vacuum 
was produced, the power of the engine was quite restored, as is shown in No. 3, and with a sav- 
ing in fuel of about a ton of coal per day. 

Fig 12 was taken from a steamer sailing from the port of New York, using about two atmos- 
pheres of steam, and cutting off, by the expansion arrangement of Mr. Allen, at w of the stroke. 

When it was taken, the ship had been run- 
ning a season without adjusting the valves. 
The diagram shows two faults in their condi- 
tion— J^^^^'^, The termination of the expan- 
sion-line being two lbs. too high, shows that 
the valve leaked. Second^ The lead and re- 
ceiving-lines show an excessive cushioning of 
the steam, causing it to pass the centre against 
a resisting pressure of about 9 lbs., lessening 
the power of the engine about 5 per cent., 
or 25 horse power. The indicator used was 
out of order, the cylinder being slightly 
smallest at the lower end, causing the piston 
to bind a trifle, producing successive steps in 
the vacuum-line. The line below, connecting 
with it, was caused by pressing the piston 
down when it was in the position indicated. From the piston's remaining near the position after 
the pressure was removed, it is presumed that had there been no such restriction in its movement, 
it would have traced the line midway, or in the position indicated by the dotted line. Similar 
irregularities will be produced if the piston and cylinder of the indicator become much scratched 
or dirty. 

Fig. 13 is a group of three, from an engine of a similar construction and use to that making 
Fig. 12, the cylinder of which is 80'' in diameter, and 8' stroke. The diagram in continuous line 
is from the upper end of the cylinder. Where the one from the lower end differs from it, it is 
drawn in dotted line. The third, in continuous dotted line, is the Time diagram before alluded 
to, (Fig. 8,) and is from the top of the cylinder. In these diagrams, the expansion-line is within 
one lb. of its theoretical shape. The one from the upper end of the cylinder shows a little lead 
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to tlie exhaust, improving the vacunm at tlie beginning of the return stroke, but losing it again 

at its termination, by having the exhaust- 
Figure 13. valve closed too soon. By the time diagram, 

it may be seen, that in this case, the crank 
makes 18° after passing the centre, before the 
steam attains to its maximum pressure ; and, 
in returning, goes from the maximum vacuum 
to the other centre, 21°. 

Fig. 14 is a group of five, taken at differ- 
ent times and under varying circumstances, 
from the engine of the U. S. Steam Frigate 
Mississippi. The engines are constructed 
with side-levers, poppet-valves, with Stevens' 
arrangement for variable expansion, and with 
cylinders of Y2^' diameter by Y' stroke. In 
1, 2, and 3, the steam was admitted freely 

"~ — — from the boilers, until stopped by the action 

of the cut-off valve. The quality of the vac- 
uum, it will be seen, is improved materially in proportion as the principle of expansion is extended. 
In Nos. 4 and 5, the steam was closely throttled. It is probable, that when No. 5 was taken, the 
steam was much higher in the boiler than when No. 4 was taken, and that the valves leaked a 
trifle, causing the line of expansion to termi- 
nate the same as No. 4, though receiving less 
initial pressure, and cutting shorter. The 
vacuum is also much impaired, and probably 
in part by the same means ; but much more 
of it was, doubtless, to be attributed to an 
inadequate supply of injection water. When 
these two were taken, the engines were used 
only to keep the wheels from backing water, 
the vessel being under a full press of sail. 

Fig. 15 is a group of three diagrams, from 
the engines of H. B. M. model steamer Bee, 
having cylinders of 20'^ diameter, with 2' 
stroke, making 38 revolutions, and using 
steam at a pressure of 7 lbs above the at- 
mosphere, the engines being constructed with the usual D valves. The first, or principal one, is 
a good specimen of the diagrams made by the English marine engines, as constructed and used at 
the present day. The one in dotted line is the continuous or time diagram of the same engine, 
the peculiarities of which have been already described. The small one is a diagram of the friction 
of the engines. It was produced by disconnecting the paddle-wheels from the Engines, and work- 
ing the engines at the same speed and temperature of condenser at which it was run when the 
first was taken. It will be seen, that its whole area is below the vacuum-line of the gross diagram, 
the average pressure being 1.Y3 lbs. 

The difference observable in the quality of the vacuum between the two diagrams, is, doubtless. 
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to be attributed entirely to the quantity of air in tbe water used in condensation, and for supply- 
ing tlie boiler — -tlie condition of tlie engines and temperature of condenser being tlie same when 
the two were taken. 

Fig. 16 is a group of five diagrams from one . .J^i^"^® i^* 

of Stillman, Allen & Co.'s high-pressure en- 
gines, with a cylinder of 15'' by 4', witn slide 

steam and cut-ojff valves. When No. 1, count- — ^'"'^^ ^ -^ -— 4— 1 Orl 

ing from the top of receiving-line, was taken, 

the engine was heavily loaded, and was mak- | / V | 5- 

ing but fifteen revolutions, cutting off I-. The 

cut-offvalve did not close tight; consequently, \^^ / / ^o 

the expansion-line shows but a little descent 
until the further ingress of the steam is fully 
stopped by the lap of the valve. No. 2 was ^' ^ ^ 2 ^* 3 ^' S S o^ j 5 
produced with the cut-off valve disconnected, 

the engine making thirty-eight revolutions, with throttle nearly closed, and steam in boiler at 
to lbs. No. 3 was produced with engine making ten revolutions, with steam at 45 lbs., throttle 

and governor- valves open. No. 4, the engine 
Figure 16. making twenty strokes, and No. 5 twenty" 

eight ; and, as will be seen, with steam varying 
but little. In No. 5, the steam-line has a de- 
pression in the middle, owing to the cut-off 
valve being in a position to prevent a free flow 
of the steam into the cylinder, and consequently 
when the piston was in its greatest velocity, it 
fell off one or two lbs., but regained it as the 
velocity decreased. A slight curve in the lower 
part of the receiving-line indicates the lead in 
the valves, which was indeed very trifling, but 
quite as much as was desirable, and gives the 
fullest possible effect of the steam. 
These two are al^o from the same engine, all the load being removed, except about 50' of heavy 
shafting, and the engine making, when the one in continuous line was taken, forty-five revolutions, 
and when the one in dots was taken, about 
sixty, the steam in the boiler being about 50 
lbs. A careful measurement of them will 
show that an average pressure of 4.82 lbs. and 
7.12 lbs. was required, to produce the respec- 
tive speeds of engine. But of this pressure, 
1.8 lbs. for the first, and 3 lbs. for the last, 

were required to expel the exhaust steam from the opposite end of the cylinder, leaving but 3.02 
lbs. and 4.12 lbs. for friction of the engine and shafting. 

Fig. 18 is a diagram from the air-pump of a marine engine. The indicator with which it was 
taken, was attached to the pump near the delivering-valve. It will be observed, that the pump 
begins its upward stroke with a resistance of 3.5 lbs., (counting for perfect vacuum,) which grad- 
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Figure 18, 



Atmosphere line. 



Average resistance upon the bucket is 6. 

Air-pump .2 area of steam cylinder == 1.264. 
The piston makes 2 strokes to one of bucket. 
The pressure on the piston, therefore, neces- 
sary to work the air-pump, is 1.264^-2 
or f of lib. ' 




Figure 19. 



ually increases to 21.5 lbs., and that returning it, meets with a nearly uniform resistance of 3.5 
lbs., which is about the same as was offered to the piston of the engine. The diagram shows the 

average resistance to the bucket of air-pump 
to be 6.32 lbs. But the air-pump is only i 
or ^ the area of that of the cylinder, and as 
the piston makes two strokes to one of the 
bucket, 6.32 must be divided by i, and its 
quotient by 2, to get the pressure upon the 
piston of the engine, required to work the 
air-pump — which, as will be seen above, is 
but .63 lbs., exclusive of the friction of buck- 
ets and rods. Eiver and stationary engines, 
having less height to raise the water from 
the air-pump, seldom require more than 5 lbs. 
This is one of Mr. McNaught's diagrams 
from an engine with small ports, and illl!litrates the advantages in such circumstances, of cutting 
off and exhausting before the piston arrives at the end of the cylinder. It will be seen, if the fig- 
ures are carefully measured, that, by the change 
of the set of the valve, so as to cause it to cutoff 
•nr of the steam, and immediately exhaust, the ^^ 
power of the engine was increased from an aver- 
age of 12.51 lbs. to 13.84, or 1.1 lbs. per square 
inch of the piston, thus adding 10.4 per cent, to 
the power of the engine, or 18.4 per cent, to 
the economical use of the fuel. 

Fig. 20 is copies of two distinct diagrams. The 
one in continuous line, was from an engine labor- 
ing under a peculiar derangement, by which it all 5. , 

at once began to consume about twice the usual 

quantity of steam, while the particular locality of the derangement evaded detection, though 

sought for by men of much experience in the 
use and repairing of steam-engines. The indi- 
catorbeing applied, produced this figure, show- 
ing the trouble to be in a derangement of the 
piston. It was found, on a close examination 
of the piston, that one of the set-screws of 
the springs had given out. The packing- 
rings were thus allowed to yield to the pres- 
sure of steam, while, by some peculiarity of 
construction, the screw regained its place 
when not under pressure, in such a manner 
as to have escaped attention. It will be seen 
that the exhaust-line falls at the end of the 
the stroke about one pound, and then, 
crossing over, it rises gradually, to about ten 
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pounds above the expansion-line, and attains at two-tenths of the stroke, a resistance of about 
twenty lbs. above the atmosphere, and diminishes to about five at the end of the stroke. This pe- 
culiar conformation, it will be seen, could only be produced by the steam passing the piston much 
faster than it could find an easy exit, and consequently, at the position where the greatest pressure 
was acting on one side of the piston, there we find the greatest resistance on the other. 

The other figure was produced by a 60-horse-power engine, in the vicinity of New York, sup- 
posed by the owner to be in fair working order, and working under a pressure of 100 lbs. per 
square inch. Its failure to do the required duty 
led to the -application of the indicator. The 
principal defects indicated by the diagram, was 
a defective construction of the valve by which 
the exhaust-passage was closed when the stroke 
was but three-fourths completed, in consequence 
of which, the vapor then remaining in the cyl- 
inder, was confined and compressed by the pis- 
ton to 64 lbs. at the end of the stroke. When 
this diagram was taken, the engine was running 
without its usual load, and close-throttled by 
the regulator — an average pressure of 17 lbs. 
of steam being admitted to the cylinder, of 
which an average of 7.3 was lost by the 
resistance. 

Fig. 21 is from an engine of similar construc- 
tion to the one producing Figures 6 and 7. It was running close-throttled, with a full pressure 
of steam, and cutting off at one-fifth, but with much less than its usual load, and its motion much 
quickened. It illustrates the combined effects of close-throttling and expanding, the steam being 
admitted to the piston at about 80 lbs., and was reduced by the accelerated motion of the piston, 
to about 50 lbs. at the position where the expansion-valves took effect. The dotted line was pro- 
duced by throttling the indicator also. 

This figure represents three diagrams from successive revolutions of a 10-horse non-condensing 
engine, making about 60 revolutions per minute, and working expansively, the steam following 

about TO of the stroke. The great difference 
in the quantity of steam consumed, the burden 




Figure 33. 
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of the engine being constantly the same, is to 
be attributed to an excessive motion of the 
governor- valve. The slide-valve also was de- 
ranged, being a little behind time, as is shown 
by the inclination of the receiving-line to the 
right ; and the exhaust-opening was too narrow, 
as is shown by the cushioning of the steam 
at one end, while at the other it did not 
open until the piston was well advanced on the return stroke. The peculiar liook in the re- 
ceiving-line, is to be attributed, doubtless, to the escape of the cushioned steam at the moment 
of time when the piston is still, and the crank passing the dead-centre. But before it all escapes, 
the steam-valve begins to open, being just at the instant when the crank has passed the centre, 
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Figure 23, 
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and tlie piston "begins its for-ward stroke. The pencil, therefore, instantly returns on the line just 
made. 

Similar to the foregoing, in one respect, is Fig. 23, which was produced hy the same engine that 
produced Pig. 15. In this case, it was working as a non-condensing engine, with steam at 1 lbs. 
above the atmosphere. The exhaust-valve closing too soon, the steam remaining in the cylinder 
was cushioned or compressed to about 13 lbs., but when the steam-valve opened, the steam rushed 

back towards the boiler, instantly reducing the steam 
to working pressure. It is important to notice the 
distinction between the effect of a lead of a valve, and 
the effect called cushioning. Figs. 12, 20, 22, 23 are 
examples of excessive cushioning. 
^ "^ """"^ ■ It has been a practice for many years, with English 

engineers, more particularly with those engaged in 
Cornish mining operations, to keep a record of the performances of the best engines used in 
pumping the mines. To carry out this purpose fully, a record is kept of the revolutions made, 
the load of the engine, and the coal consumed, with all other necessary particulars, and the per- 
formances are rated by what is termed the " ditty ^''^ which means the number of pounds raised on8 
foot high, with one bushel, or 94 lbs of coal of a specific quality. Since the publication from 
time to time, of the duty of these engines, 

as arrived at by these records, the duty has Figure 24, 

been constantly increasing, so that from the 
maximum attained by Smeaton, of 10,600,000 
and of 27,000,000 by Bolton & Watts, it has 
now exceeded 100,000,000. Fig. 24 is a di- 
agram from one of these engines, said to be 
doing a duty of 90,000,000, and which is of 
the following dimensions: Cylinder, 36"; 
stroke, 10' 6''; making ten revolutions per 
minute ; using steam at 32', or IT' above the 
atmosphere, and cutting off at 6^'' and to 
which 3'' were added for clearance, contents 
of nozzles, &c., being equal to 9^'' of steam, and expanding 13.5 times. If this diagram is exam- 
ined by the rule given on page 105, it will be seen that, under ordinary circumstances, -ir of 30 
lbs. (the pressure w^hen the cut-off valve closed,) would reduce the pressure at the end of the line 
of expansion to 2.22 lbs., while this terminates at about seven lbs. Whether this excess is owing 
to leakage of steam through the valve, or to expansion by heat in the cylinder, is not stated on 
the diagram from which the above was copied. The resistance from uncondensed vapor and air 
in the condenser, is from one to two lbs. greater than might have been expected from an engine 
working with that degree of expansion and economy, and 1.7 greater than is shown in Fig. 5 — the 
diagram showing the nearest approach to this degree of expansion of any of the examples given 
—but in this, 3.8 lbs of steam were used, or ^ more than in this diagram, and consequently, sub- 
ject to a proportionally increased loss of vacuum by the air carried into the condenser with the 
condensing water, supposing that water of the same temperature was used for condensation in both 
of the engines. 
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STILLMAN'S IMPROVED PATENT MANOMETER. 



The value of a reliable instrument, whicli will indicate constantly tlie pressure in the boiler of 
a steam engine, tliougli established in many quarters by the infallible teachings of experience, 
is yet, for want of experience, as a general thing, little understood. Its importance, as a pre- 
ventive of explosion, and of the frightful consequences to life and limb, and ruinous pecuniary 
results of such disasters, is obvious on the slightest consideration ; but the value of the instrument, 
in the economical results of its daily use, is by no means properly appreciated. The pecuniary 
loss arising from any considerable fluctuation of the pressure of steam, has never been properly 
considered by the proprietors of engines. If steam be carried too high, the surplus will escape 
through the safety valve, and all the fuel consumed to produce such excess is so much dead loss. 
On the other hand, if there be at any time too little steam, the engine will I'un too slow, and 
every lathe, loom, or other machine driven by it, will lose its speed just exactly in the same pro- 
portion, and, of course, its ejffective power. A loss of one revolution in ten, at once reduces the 
productive power of every machine driven by the engine ten per cent., and loses to the pro- 
prietor ten per cent, of the time of every workman employed to manage such machine ; in short, 
the loss of one revolution in ten diminishes the productive capacity of the whole concern ten per 
cent., so long as such reduced rate continues ; while the expenses of conducting the shop (rent, 
wages, insurance, &c.), all run on the same as if everything was in full motion. A variation to 
this amount is.a matter of frequent occurrence, and is, indeed, unavoidable without proper instru- 
ments to enable the engineer to avoid it. A very little reflection will satisfy any one, that it 
must be a very small concern indeed, in which a half hour's continuance of it would not produce 
a result more than enough to defray the cost of a very expensive instrument to prevent it. If the 
engineer, to avoid this loss, keeps a surplus of steam constantly on hand, he then is constantly 
wasting the steam, and consequently fuel, and thus incurs another loss, which, though less alarm- 
ing than the first, will yet be a serious one, and render any instrument most desirable which can 
prevent it. 

It is evidently, therefore, of great importance to the proprietors of engines to have an instru- 
ment which should constantly indicate the pressure in the steam boilers. This would enable the 
engineer to keep his steam at a constant pressure, and thus avoid waste of fuel, on the one hand, 
and the still more serious loss of the productive power of the shop, on the other. An instrument, 
therefore, constantly indicating the pressure of steam, reliable in its character, and, with ordinary 
care, not subject to derangement, is evidently a desideratum, both to the engineer and proj)rietor. 
It would enable the one to manage his steam with ease, and the other to see whether it was so 
managed, and would not only protect against the disaster of an explosion, but by its every-day 
use promote, in a high degree, the economy and efiiciency of the whole establishment. 

15 



114 



AMERICAN ENGINEERnSTG ILLUSTRATED. 



Tlie importance of these objects did not escape the attention of the fathers of the steam 
engine ; and the inverted siphon, filled with mercnry, and with a rod floating on its snrface, nnder 
their guidance, readily answered the desired end. For steam of from two to three atmospheres, 
this is still the most reliable of the appliances in nse at the present day ; but for steam of higher 
elasticity, they become less reliable and convenient, in consequence of their great height, the fric- 
tion of the float, and their liability to lose the mercury by its oscillation, or by excess of pressure. 
In addition to this source of expense, their original cost is very considerable when constructed 
for such use. Every method adopted to obviate these difficulties has been attended by others, to 
avoid which many expedients have been tried, mostly through the aid of pistons and springs. 
These, though theoretically good, have mechanical difficulties which prevent their use. The 
piston, if packed tight enough to prevent leakage of steam, is so much impeded by friction as to 
render it unreliable ; the springs, also, should they become corroded and weakened by damp- 
ness, to which they are almost unavoidably subject, or should they lose their original elasticity, 
render the indications inaccurate. Other devices, had they been faultless in efficiency, would 
have failed of general adoption from other considerations. 

The desire to avoid these disadvantages led to the introduction, to some extent, of the beautiful 
instrument which is the subject of this treatise — the Manometer — an instrument which, though 
attended with none of the serious causes of error attaching to the other devices, still has some 
others of its own. 

The imperative demand for a good high-pressure steam gage, in consequence of the very gene- 
ral introduction of steam of great elasticity, in this country, led to the attempt to improve this 
instrument, which has resulted in producing a gage, occupying but a small space ; attended with 
no measurable friction ; having a spring not liable to be broken or diminished in its power, being 
adapted to any desirable pressure ; costing little ; its indications being constant and visible at a 
glance ; being less liable to get out of order ; and any inaccuracies it may acquire being readily 
detected and corrected. 

According to the derivation of the word (from Quanos^ rare, and metron^ measure), the Mano- 
meter is an instrument for measuring the degree of rarification of aeriform fluids subjected to 
less than atmospheric pressure. The term is also, and more generally, applied to the instrument 
when used to indicate the density of aeriform fluids subjected to more than 
atmospheric pressure. The Manometer may, therefore, be defined to be an 
instrument for measuring the density of aeriform fluids, by means of a column 
of mercury in a glass tube, whether that density be greater or less than that 
caused by the atmospheric pressure. 

The usual construction of the Manometer, when used for its original purpose 
of indicating less than atmospheric pressure, is as follows : a glass tube AB, 
(fig. 26) sealed at one end (A), and drawn to' a small aperture at the other 
(B), is filled with mercury, and inverted into a reservoir C, containing mer- 
cury, which reservoir is made air tight around the glass tube. By means of 
the pipe D, a communication is opened between the aeriform fluid, whose pres- 
sure is to be ascertained, and the interior of the reservoir (C), above the sur- 
face of the mercury. The top of the niercurial column will, at the ordinary 
pressure of the atmosphere, stand about 29'' or 30'' above the level of the 
mercury in the reservoir ; but as soon as the pressure above the surface of the 
mercury in the reservoir becomes less than that of the atmosphere, the column of mercury will, of 



Fig. 26. 
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course, fall in tte tube just in proportion to tlie diminution of tlie pressure. By the scale EF, 
wMcli is attached to the glass tube (AB), and marked with inches, or other proper division, the 
degree of pressure will at all times be constantly indicated. 

When used for measuring pressure above that of the atmosphere, the instrument (as usually 
constructed) is, in all respects, the same as just described, except that the tube AB is not filled 
with mercury, but inverted while full of atmospheric air into the reservoir (C), and the scale (EF) 
is differently marked. "When the pressure on the surface of the mercury in the reservoir (0) is that 
of the atmosphere, the mercury will rise in the tube nearly to the level of that surface (but 
slightly lower, owing to the resistance of the air in the glass tube).. As soon, however, as the 
pressure, communicated through the pipe D, exceeds that of the atmosphere, the mercury will be 
forced up into the tube, and the enclosed air condensed, until its elastic resistance is just equal to 
the pressure. The height of the mercurial column will, of course, vary with any variation of 
pressure, and thereby indicate the degree of pressure at every moment by means of the scale 
(EF), which is divided, according to Mariotte's law, into atmospheres, pounds, or the like. 

The high degree of pressure to which the last described form of Manometer may be subjected 
without error from friction or loss of mercury ; the permanent elasticity, and the everywhere 
existing and exactly-defined qualities of the material of resistance (atmospheric air or other 
fluids of the same nature) ; its comparatively small dimensions, and convenient form, make it a 
very desirable instrument for measuring the pressure of steam. As usually constructed, how- 
ever, it has defects, which have prevented its general use as a steam-gage. Among these defects 
were : the coating and consequent opacity of the glass tube, by the deposition of an oxyde of 
mercury when acted on by the enclosed atmospheric air ; the expansion and partial loss of air 
from within the tube whenever any partial vaccum was produced in the boiler, and so allowing 
the mercury to rise higher in the tube with the same pressure ; its oscillation, especially when 
there is a varying pressure, as in engines working expansively ; the almost constant tendency of 
the condensed steam to insinuate itself between the mercury and the glass, and to find its way 
into the tube above the mercury ; and the great inequality in the divisions of the scale, arising 
from the peculiarities of the law that governs the volume of aeriform 
fluids under pressure. 

The improvements by which these defects have been remedied, at 
the same time rendering it more serviceable for determining pressures 
less than that of the atmosphere, have recently been made the subject 
of a patent. 

The 'New Patent Manometer is represented in the subjoined cuts : 

Pig. 27 is the usual form of the Patent Manometer for showing 
a pressure up to eight atmospheres. 

Fig. 28 represents the form of one for showing a pressure up to 
twenty atmospheres. ' 

Fig. 29 is the form used for showing less than one atmosphere. 
The arrangement of the glass tube is quite similar in all the forms 
usually given to the instrument. 

Fig, 30 is a longitudinal section, through the centre of the glass 
tube, m which A is the tube ; B is an iron piece in which the tube is 
firmly secured by means of the stuffing-box G-. It is screwed at one 
end, to receive the brass case ; and in the middle, to confine it in the reservoir of mercury 



Fig-. 27, 



Fig. 29. 
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Fig. 2S. 
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into wMcIl the lower end of the tnbe is to he immersed. D D are scales divided into atmos- 
pheres, pounds, or inches of pressure, as desired. E E are "blocks to 

secure the scales in their proper places. F is a gland which protects 

the lower end of the tn"be, and compresses the packing in the stuffing- 
box Gr. H is a cap or plug, loosely screwed into the gland to facilitate 

the operation of charging the tube, and also by admitting the mercury 

into the tube only through the interstices of the screw, prevent its 

oscillation, and at the same time allow the orifice to be made the full 

size of the tube whenever it may be necessary to clean the tube. 
In Fig. 2Y the reservoir for mercury is a deep cell, with an iron 

tube communicating from the cock at the bottom to the middle of the 

chamber above the surface of the mercury. In Fig. 28 it is divided, 

the glass tube being inserted into a cell of greater depth, while the 

reservoir of mercury is in the bulb, to which a sufficient elevation 

is given to compress the gas within the tube to two or three times 

the density of the atmosphere, according to "the density of the steam 

of which it is to serve as the gage. In this, as in the other form, 

an iron tube communicates the pressure from the cock below to the 

surface of the mercury in the bulb above. The subdivisions of the 

scale are by this means much more uniform and distinct than when 

used at atmospheric pressure only. 

In all cases, the mercury should be seen above the junction of the 
tube with the tube holder, so as to indicate the initial pressure, or 0. 
In Fig. 27 it is brought up by partially exhausting the tube at the 
time it is erected. In Fig. 28 it is forced up by the superincumbent 
weight of the mercury in the bulb. The oxydation of the mercury 
within the tube is prevented in the latter form of the instrument by 
charging the tube with nitrogen or hydrogen gas ; but in the former, 
on account of the difficulty of preventing the admixture of atmos- 
pheric air, while exhausting a portion of the contents of the tube, for the purpose above referred 
to, atmospheric air only is used, and a drop or two of naphtha, or other fluid answering the 
end, is introduced within the tube, on the surface of the mercury, to prevent the oxydation. 

When designed to show a pressure less than atmospheric, but not less than that shown by two 

inches of mercury, the tube is to be perfectly filled with mercury, and inverted in the reservoir, 

and the pressure will be determined by the number of inches sustained above the level of the 

mercury in the reservoir below ; but if it is to be used for a pressure less than the weight of two 

inches of mercury — that being the distance from the lowest visible part of the glass tube to the 

surface of the mercury in the reservoir — ^it will be necessary to use the bulb shown in Fig. 28, 

but with such an elevation only as will bring the surface of the mercury in it to a height equal 

to the lowest visible part of the glass tube ; or, it may be done equally well by using the form 

shown in Fig. 28, if a scale is properly made for the purpose, and the bulb elevated so as to 

compress the air so high in the tube as to allow the mercury to have sufficient fall without going 

out of sight, when the pressure of the atmosphere is removed from the surface of the mercury 

in the bulb above. 

It will be seen that either of these arrangements would resist the tendency of such partial 
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vacuum as is generally formed in steam-boilers, wten they are allowed to cool down, from dis- 
turbing tlie quantity of air within tlie tube of tlie Manometer. 

If the initial quantity of air or gas in the tube be deranged by a change of temperature, or 
by any other cause, it becomes necessary to know the extent of the variation occasioned thereby. 
To ascertain this (if inexpedient to correct it at once), a simple arrangement is adopted, viz. : 
first, to remove the pressure by closing the stop-cock and opening the small waste-cock between 
it and the reservoir — this will allow the mercury to fall to a place in which it will be at equili- 
brium with the atmosphere ; second, to note the point to which it descends. The variation from 
the original place of will be, in addition to the lbs. shown on the scale-plate, such part of the 
whole as the variation from bears to the whole length of the tube above 0. To determine this 
proportion, a series of decimals is placed on the scale at fixed distances, and the one of these' 
nearest to where the base of the column of air within the tube rests, is to be used as a multiplier 
by which the pressure of steam indicated on the scale, less the lbs. of variation shown, is to be 
multiplied. Their product will be the true pressure. Thus, for example, if the mercury in the 
tube falls until the base of the column of air rests at the decimal .96, which would be near to 
the place due to 1 lb. pressure, and if, on opening the communication to the boiler again, it 
should rise to 130 lbs., from this apparent pressure of 130 lbs., 1 lb. is to be deducted, and the 
remainder multiplied by .96, thus giving as the true pressure 123.8 lbs., showing a variation of 
6.2 lbs. The indication, in all cases, is from the top of the spirits. 



HOW TO EKECT THE MANOMETEE AS A STEAM-GAGE. 

FOEM SHOWlsr IK FIG. 27. 

Select a place for its erection where it will be exposed to a good light, and where, with due 
respect to light and convenience, it may be as little as possible liable to dust, to accidental blows, 
or to a high or variable temperature ; and at such a height, if possible, that the figures on the 
scale-plate shall be nearly or quite on a level with the eye. It should be secured to its support 
with sufficient firmness to withstand the use of the wrench in screwing down and unscrewing 
the tube-holder. Two 1^ inch No. 16 wood-screws, well driven through the flauge into good 
pine wood, will generally be found quite sufficient for this purpose. A connection should be 
established between the instrument and the boiler by means of a small pipe, in the construction 
of which the following particulars should be carefully observed: — 1st. "When the gage is one or 
more stories above or below the boiler, provision should be made to prevent the pipe from filling, 
as it is liable to do, with the condensed steam, because every two feet of water thus vertically 
suspended, will affect the gage about one pound — and its aggregate will make it show mate- 
rially, more or less, as the case may be, than the pressure of the steam. Therefore, if the gage 
is above the boiler, and the pipe can descend all the way into it, let the pipe be of at least ^ inch 
internal diameter, which will generally be found adequate to the purpose ; but if its direction 
be horizontal any portion of the way, or if the instrument be below the boiler, provision must 
be made to have the water escape. Or, if preferable, a circulating pipe can be used, having one 
end connected with the upper part of the boiler, or steam-pipe, and the other with the 
lower part, the instrument connecting with it by a branch. Such an arrangement will suit 
for any height above the boiler. But if the gage be upon the same story, its aggregate will not 
be likely materially to disturb the calculation — and a pipe of | inch will, as a general thing, be 
quite sufficient — and no provision need be made for the condensed steam. 
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It is not advisable to have tlie instrument always subject to tlie heat of the steam, as this is 
liable seriously to injure the joints, and cause them to leak. For this reason it is improper to 
attach it directly to the boiler, steam-pipe, or cylinder. An upward direction should, likewise, 
be given to the pipe, for one or two feet, at least, near the gage, in order to retain within the 
reservoir the water condensed there, which, being a poor conductor of heat, will at all times 
preserve the instrument at a proper temperature. 

The pipe for a boiler using salt water, should be of copper, but ordinary iron gas pipe will be 
found quite sufficient where fresh water is used, and is generally the most convenient article for 
the purpose. 

"When the reservoir is secured in its place, and the pipe connected with the boiler, it should 
be allowed, before charging the tube, to take the heat to which it will be subjected when in 
use — after this, the tube-holder should be unscrewed, taken out, and inverted. The screw-cap 
(represented at H, in the section, fig. 30), is next to be removed, and the tube filled with mer- 
cury to the inverted arrow-heads [-{ }>■] adding on top of the mercury about four drops of 

sulphuric acid, or such other lubricating agent as shall be preferred — then replace the cap. Put 
the remainder of the mercury furnished for the gage into the reservoir, and then restore the 
tube to its place in the fountain. If the charge has been, properly effected, the mercury in the 
tube will fall to the place of — (which, in order to make the scale as long as possible, is fre- 
quently omitted to be marked on the scale-plate, its position being understood as at a distance 
below 1 equal to the space between 1 and 2) — or at the lowest visible point of the tube. If it 
should not fall thus far, more air should be introduced. This is to be effected by inclining the 
tube towards a horizontal position, when, in consequence of the previous rarefaction of the air 
within the tube, a further supply will be drawn in from the atmosphere. Care, however, must 
be taken that too much is not admitted, lest the mercury fall too low — for which the only 
remedy would be to invert the tube-holder again, and re-charge the tube as at first. A single 
bubble of air, as it passes through or up the tube, will generally be found sufficient to lower the 
mercury ^ of an inch. 

If accurate measurement of the steam is necessary, great care must be taken in this part of the 
erection of the Manometer; for, if either more or less air be in the tube than was designed, a 
given amount of pressure will not compress it into a like space ; and, as the volume of air 
within the tube is affected by temperature, there is obvious necessity of attention to the direc- 
tion, that the temperature, when the gage is erected, shall approach as closely as possible to the 
temperature at which it is to work. 

In charging the tube, it is well to introduce the mercury through paper wound into the shape 
of a tunnel, and to be particular not to fill the space between the gland and the outer surface of 
the tube ; and care should be taken that the cap over the lower end of the tube be not too 
tightly screwed, nor yet left so loose as to give too much oscillation to the mercury. 

In re-adjusting the instrument, the screw-cap may serve as a dipper, by adding a splint-handle, 
to take mercury from the reservoir, if necessary. 

FOBM SHOW]^ IK Fia. 28. 

In this form of Manometer, the tubes are considerably longer, and the merc^iry is forced up, 
by an external column of mercury, to a place susceptible of observation at zero. This com- 
pression gives the air twice the density of that used in the other form, by which means the 
divisions on the scale-plates are much more regular. 
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As this arrangement does not favor tlie use of the nsnal Intrication of the tubes, they are 
filled with nitrogen or hydrogen gas, which, as before stated, entirely obviates the necessity of it. 

To keep this gas from mixing with atmospheric air, after it is in the tubes, and before it is 
secured by the mercury, the open end of the tube is covered with an India rubber bag, filled 
also with gas. 

When the reservoir is secured, and connections made, a small quantity of mercury — sufficient 
to cover the end of the tube when in its place — is to be put into the reservoir. The bag is now 
to be removed from the tube, while the tube is kept in an upright position, and the tube put 
instantly into its place in the reservoir, and a good joint made with cord moistened with tallow 
and white lead, between it and the tube-holder. The remainder of the mercury furnished is now 
to be put into the upper reservoir, which will, if all is properly done, cause the mercury in the 
tube to rise to the on the scale-plate. 

If it varies from that position, it will affect the indication of the pressure, and is to be corrected 
by the rule on page 117. 

WHEN USED AS A VACUUM GAGE. 

The same general directions should be followed in regard to location, &c., as have been given 
for erection when to be used for steam, excepting what is said of temperature ; but additional 
care should be taken to have the cocks and joints of the pipe quite tight. 

It will be remembered, that the tube is to be quite filled with mercury, and the accuracy of 
thp instrument will depend upon the extent to which the perfect exclusion of the air has been 
effected. Simply, to ^our it full then will not suffice — for during this operation minute bubbles 
of air will attach themselves to the tube. These must be removed by a wiper, or piston of cot- 
ton thread or silk, on the end of a small rod of wood, or covered wire. The method usually pur- 
sued is, to provide a pine rod, \'^ square, and two feet long, and, after notching or ragging the 
end of it, wind on it some cotton wick, to the full diameter of the tube. Then, putting a suffi- 
cient quantity of mercury into the tube to fill it for three or four inches, introduce the wiper, 
working it downwards through the mercury to the bottom. This action will have removed the 
air from the wiper, and better prepared it to expel the air from the tube on its passage upward. 
A few movements downward and upward will get it under, and effectually disengage such parti- 
cles of air as yet adhere to the tube. With a rotary movement, the wiper should now be care- 
fully withdrawn, and during its withdrawal the tube should be kept constantly full of mercury, 
so that, on the arrival of the wiper at the top, the tube shall be thoroughly occupied with mer- 
cury. The gland surrounding the tube should also be perfectly filled. ^ More effectually to secure 
the exclusion of air from the interior of the gland, the surface is amalgamized so as to unite with 
the mercury. The cap is now to be restored to its place, taking care that the air enclosed by in- 
verting it into the mercury be entirely expelled by opening the little vent at the end of it, after 
which it is to be closed again by the small screw in the bottom. 

If this has been well done, the gage may be again erected, without loss of mercury, unless con- 
siderably agitated. The residue of the mercury furnished is now to be put into the reservoir, 
which will suffice with what is in4he tube, to fill it to the point indicated for a perfect vacuum. 
If the quantity of mercury should become impaired, and it become necessary to determine the 
quantity to be supplied, it is to be done in the following manner :-^There is in the reservoir an 
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overflow at sucli a position below thirty inclies as shall have been found equal to the contents of 
the tube. This overflow is stopped with a screw in the front of the reservoir. In charging the 
gage, therefore, a quantity, judged sufficient, is to be put into the reservoir, the overflow screw 
removed, and the tube, prepared as before directed, restored to its place ; when the excess of mer- 
cury, if any existed, has flowed out, the screw is to be replaced, and the whole made tight, as 
directed for the steam gage. 

It is supposed that the foregoing instructions have been amply sufficient to enable any person 
to erect and advantageously use the Manometer for a vacuum or a steam gage ; nevertheless, as 
derangements have occurred, and are still possible, some general directions are subjoined to guard 
against or correct them. 

OF ITS DERANGEMENTS. 

The derangements most likely to occur when used as a steam gage, are, the fouling of the 
tube, and the alteration or change in the volume of air within it. 

The fouling of the tube may proceed from the oxydation of the mercury, or the spirits or sub- 
stance used for lubrication, or from impurity of the mercury. "Whenever the lubricating agent 
is of a nature to imbibe the oxygen from the air, as in the case of most of the oils, naptha, kreo- 
sote, &c., the tube would necessarily become foul. This should be cleaned with the wiper be- 
fore described. If wire be used for this purpose, unless it is thoroughly coated with cotton to 
the extent of its insertion into the tube, or if particles of grit adhere to the stick employed, it 
will greatly endanger the tube ; for, a scratch on the inner surface of a glass tube, although im- 
perceptible to the eye, will most likely make it split within a few days, or perhaps hours. A 
fixed coat of oxyd will best be removed from the tube by wetting the wiper with nitric acid. 
The volume of air within the tube is sometimes impaired by the absorption of its oxygen with- 
out producing a coating upon the glass. This will be perceived by the instrument indicating a 
greater^ pressure than is known to exist, or by the fact, if the cock be shut off and the pressure 
removed from the gage while the volume of air is so impaired, that the mercury will not fall to 
the place marked 0, on the scale. In this case, the correction should be effected without chang- 
ing the air already in the tube, which has been deprived of its oxygen. This is easily accom- 
plished in instruments which have the chamber, or reservoir of mercury, at the lower end of the 
tube, by lifting the tube-holder out of the reservoir, and carefully inclining it toward a horizontal 
position — when, in consequence of the rarefied state of the air already there, an additional supply 
will be admitted from the atmosphere. Care should be taken, however, that too much be not 
admitted, for then it would be necessary to fill it anew. To guard against a danger incident to 
the restoration of the tube to its place in the reservoir, viz. — the admission into it of water from 
the reservoir through the capillary influence of the screw, it is necessary carefully to remove the 
water from the reservoir with a sponge previous to replacing the tube. 

If this absorption occur in instruments designed for steam of very high elasticity (fig. 28), a 
similar course must be pursued ; but, in consequence of the descent of the mercury into the part 
of the tube concealed from view by the reservoir and surrounding case, the process will be 
attended with greater difficulty. Re-filling, in such cases, may be the only remedy. In this case, 
in consequence of the mercury being in the elevated chamber above, when the tube is taken out 
of the reservoir, the mercury will overflow, and an iron, glass, or earthen vessel, should Be at 
hand to catch it as it flows out. 
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Should a tube be accidentally broken, its place must be supplied by one of the same length and 
taper as that for which the scale was made ; and, when setting it, care should be taken to have 
its sealed end even with the top of the brass case, and to have it carefully packed, j3oth at the 
top and bottom of the joint, with small rings, or gaslmts of thread, with putty made stiff with 
red lead, placing in the middle of the joint a ring or thread or two of India rubber. If 
the instrument is continually subject to the full heat of the steam, the packing is very liable 
to crack, and allow the mercury to leak out through or around the bottom of the brass case. 
If this occur, the first gasket, and the putty immediately under it, should be removed, and 
fresh putty applied. Glass tubes to fit the scale can always be supplied by the manufacturer 
at a trifling cost, if an order for them is accompanied with the letter and number of the instru- 
ment; but if it be from a gage of the form shown in Fig. 28, it will probably be best to return 
it to the manufacturer to have it replaced. If the gas escapes from the tube, it will, as a general 
thing, be best to lubricate the tube, as in the other form. If but two or three drops of the spirits 
be used, and they are allowed to settle down to the extreme end of the tube, it may be erected 
and immersed in the mercury before it could get into contact with the metal gland and cap at 
the bottom. 

"Water has sometimes filled the tube instead of mercury. This may be expected, if there is not 
a sufficient supply of mercury in the reservoir. It cannot, with these instruments, occur other- 
wise, unless the tube be broken, or the gland encasing its lower end leak. 

The pipe connecting the gage with the boiler, or the passage between the cock and boiler, has 
sometimes filled with clay, lime, or sediment of some kind in the water. The best remedy for 
this is to suddenly remove or put on the pressure, which will soon wash it away, unless compactly 
filled. In clayey water, formerly, when no provision was made for the sudden removal or appli- 
cation of the pressure, this was a source of much annoyance. 

"When used for a vacuum gage, it may be deranged by accumulation of air or moisture in 
the tube. It cannot indicate correctly except by the total exclusion of both. The latter will be 
detected by its appearance on the surface of the glass, but the former can only be known by ex- 
posing the upper end of the tube when subject to atmospheric pressure. Its presence must be 
the result of neglect in filling, or of leakage around the packing of the glass. In the former case, 
it will be necessary to invert the tube, when it will rise to the surface, and may be expelled by 
additional mercury, or screwing down the cap. In the latter, the leak would probably be stopped 
by white lead, tallow, or oil, applied to the tube where it enters the tube-holder. 

LUBRICATION FOR THE TUBE. 

For lubricating the tube many articles have been used, with various success, no one of which, 
however, has uniformly given perfect satisfaction. Some of them under the pressure to which 
they are subject, absorb oxygen from the air, and change color, or thicken and adhere to the 
tube, and in such cases, diminish the vokime of the air — others are decomposed, or mix with 
the impurities in the mercury, and coat the glass — while others attack the glass, and corrode its 
surface. 

What is desired is a lubricating agent that will, under the circumstances in which it is 
used, prevent the oxydation or decomposition of the mercury, that will, at the same time, re-, 
main itself unchanged. For the safety of the tube, it should also not congeal in cold water. 

16 
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Some one of the following will be fonnd in every case to give a good result : 

1st. Hydrochloric or muriatic acid. This gives the glass a bright and clear appearance, and 
remains clear ii^pon the surface of the mercury ; it sometimes forms a sort of film, which, after 
a week or two, settles down out of sight ; but it most generally absorbs the air to a serious ex- 
tent — in some instances, as much as one-fourth of the volume, increasing the apparent pressure 
from Y 5 lbs. to 100. 

2d. Sulphuric acid, chemically pure. The crude or common acid becomes black, but does not 
adhere to the tube, and does not very seriously impair the volume of the air. The chemically 
pure acid answers a very good purpose. 

Watch oil, in most cases, gives satisfaction ; but it absorbs air slowly for a while, and becomes 
white — and sometimes under a very high pressure, the thicker portion of it adheres to the tube. 

It will be found advisable to be careful, in using any of the acids mentioned, to keep them 
from touching the iron gland and screw-cap, lest they be corroded, and iron rust become mixed 
with the spirits in the tube. 



PATENT ENGINE EEGISTEE, OR COUNTER. 



A description of this instrument is given in a condensed extract from a Report of the Oom- 
mittee on Science and tlie Arts of the Franklin Institute, made 1849. 

Jbktract from the " Report on Me. Paul Stillman's Engiiste Register and Manometer Steam and Vacuum 
Gage," hy the Committee on Science and the Arts of the FranMin Institute, 

After an explanation of the Manometer Gages, the insertion of which is rendered unnecessary by the preceding 
pages, the Committee describe the Register as follows : 

" This instrument is designed for application to marine steam engines, and is, 
in outward appearance, similar to the marginal sketch. It consists of a circular 
cast-iron box, faced with a dial, in which are cut, side by side, six (or more as may 
be required) slots, through which maybe seen the numbers representing the revo- 
lutions of the engine ; this is denominated the " counter," or " register." By an 
attachment to any suitable part of the engine, a vibratory motion is communicated 
to an arm attached to a central horizontal shaft, placed parallel to the dial, and 
within the cast-iron box — ^to the ends of which is also fixed a frame carrying a small 
shaft parallel to the former, on which six palls, or arms, are attached, side by side, 
and at a certain distance apart, in such a w^ay that the right-hand pall may fall 
without the others, but cannot rise without carrying all the rest. 

This frame-work, with the pall-shaft, &c., is made, by the motion of the arm 
attached to the engine, to describe an arc of 36°, or to move through one-tenth of 
a circle. 

The ends of the palls respectively rest on, and slide over, six cylinders placed 
side by side on the central shaft, all of which are free to move in the same direc- 
tion, and independently of each other, and are arranged in the following manner : 

For the sake of clearness, we shall number them 1, 2, 3, 4, &c., beginning with 
the right-hand one. 

On the right-hand edge of each cylinder are cut 10 slots, and on the left-hand, which overlaps the edge of the next, 
only one slot, these slots being of such a size as will admit the end of one of the palls ; then, on the back motion of 
the frame-work, cSjc, the pall is carried back till it drops in, when the forward motion carries with it the cylinder so 
locked. 
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In the central spaces (between the laps) in each cylinder, and opposite to one of the slots in the dial face, the num- 
bers 1, 2, 3, <fcc., to 0, are engraved at equal distances round the circumference. The palls are placed one over each 
of the slots, so that the pall can fall into the inner cylinder only when the slot in the outer one comes directly under 
it ; and, as this occurs only once in a Avhole revolution, and as the motion of the palls is only through one-tenth of a 
circle, it follows that cyhnder No. 2 can only be moved through one-tenth of its circumference, after cylinder No. 1 
has moved a whole revolution, or ten times that space, and so on. Thus, if the figures on No. 1 represent units, those 
on No. 2 will be tens, on No. 3 hundreds, &c. ; and, extending the same principle, No. 1 must move round one hun- 
dred thousand times to produce one revolution of No. 6. It will be observed, that every revolution of the engine 
must insure one-tenth of cylinder No. 1 to move round, inasmuch as the ten slots in its right-hand edge are not covered 
by any other cylinder, as is the case with the rest. 

The cyhnders being free to move in the direction of their motion, oy forward^ they may be adjusted at any time to 
their starting point, without deranging any of the palls, or even opening the case. 

The Committee judge the following to be the advantages of this arrangement: 

1. The compactness and symmetry. 

2. The ease with which the result may be read. And, 

3. The facility of adjustment. 

The two latter being important considerations in an apparatus of this kind. 

Other uses are obvious to which this principle may be applied ; as, for example, to gas meters, or any other instru- 
ment requiring a register, although in the former case the increased power required to turn the cylinders when the 
higher grades of figures come in play, might prove an objection. Of this, the Committee are not capable of judging, 
for the model submitted to them is intended for a marine engine, and, consequently, is of sufficient strength to mth- 
stand the rough usage it might meet with, and, consequently, requires greater effort to move it. 

The arrangement is also, probably, of less expense than the old form of counter. 

In view of all which points, the Committee are of opinion, that Mr. Stillman is entitled to the First Premium awarded 
at the Exhibition, where it was placed by him in October last. 

Persons giving orders will please state — 1st. Whether a pedestal is required; and, if so, 2d. Whether the motion 
can be most conveniently given through the back, side, or pedestal. 3d. If without pedestal, whether the back of 
the case goes against the engine-frame, or whether a bracket, or flange, is required. 4th. Where it is attached to 
the eijgine-frame, whether the motion cannot be communicated directly through the frame into the case. 

Be careful to have the instrument so connected with the engine as to secure the requisite motion without fail. 



STILLMAN'S IMPROVED GLASS WATEE-GAGE. 

No method of determining the height of water in steam-boilers can be more relia- 
ble than a well-made glass water-gage. It has been universally used with the Eng- 
lish low-pressure engines, with full confidence, from their first introduction to the 
present day. Their use, however, has been confined to steam of low temperature, 
in consequence of the trouble of making the glass bear the increased temperature, 
and of keeping it tight with the higher pressure. The improvements introduced in 
this arrangement of the instrument have not only obviated those difficulties, but have 
given it most ample protection from danger by accidental blows, and, at the same 
time, so simplified its construction as to give it, even in point of economy, claims to 
a very general adoption. All of the ocean steamers constructed at the Novelty 
Iron Works^ and some others, are noAV provided with these gages. 

DIRECTIOIS'S FOR PUTTmG UP. 
Fig. 32. 

The lower cock must be attached to the boiler on a line with the top of the flues, or the lowest water line ; the 
upper one, at such distance above as wiUgive the necessary allowance .for the introduction of the glass tube, whiph 
should be of such length as will allow for the proper fluctuation of the water, say from 10 to 20 inches. They should 
be placed as nearly on a line with each other as possible. Two \ or f inch tap-bolts in each will be sufficient for each 
part. When securely attached, let jthe gland of the packing-boxes be slacked up, and if there be no water at the 
upper cock, take out the key and pass the tube through the barrel into its place, taking care that the glass at either 
end does not rest against the cock. K the packing be of good material — such as is sold with the gages — and a m^t^l 
ring be between it and the gland, and of proper size for the tube, a gentle screwmg of the gland by the hapd will be 
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sufficient to make them quite tiglit against any required pressure. The guards should then be put in their places, to 
protect the tube from accident, and the levers of the cocks turned in the direction shown in the cut. If subsequently 
there should be occasion to replace the tube, and there be steam or water in the boiler, to prevent the key of the cock 
from being taken out, one of the stuffing-boxes must be taken off to put in the tube. 

When a glass water-gage is in use and in good order, a little fluctuation of the Avater will be constantly observed. 
If it is not seen, the lever of the upper cock should be turned to the opposite side, to see, by blowing it through, that 
the passage way m the cock is not choked. 

If a tube gets broken when the boiler is in use, both of the cocks should be closed by turning the levers opposite 
to the direction shown in the cut. 

iW^ The indications of the glass water-gage are those of solid water, however much the water in the boiler 
foams. 

i^^ The only indication as to which is to be used for the lower cock, is by the direction given to the pipe for blow- 
ing through. 

STILLMAN'S MARINE HYDKOMETEE, SALINOMETER, OR SALT GAGE. 

Ocean steamers, using sea water in the boilers, require frequent change of the water to prevent incrusta- 
tion, or deposit of salt and earthy matter upon the flues and within the legs of boilers. This exchange 
should be made with regularity and care, lest, on one hand, the object sought should not be attained, or, on 
the other, a waste of heat should be occasioned in discharging hot water too freely from the boiler, the place 
of which is to be supphed with cold. It is, however, better, as a general thing, to err on the side of a too 
liberal use of the blow-off cock, for the loss of heat would, probably, be less from this cause than it would 
be if the boiler were allowed to become incrusted with a non-conducting substance. At what exact degree 
of saturation incrustation begins, may not be stated. It appears to vary considerably, in different circum- 
stances, and, at present, the wisest course appears to be to feel the way to a place of safety. It is necessary, 
therefore, to have some test by which the saltness of the water may be known ; and having this, to adopt 
such a system of blowing off as will keep the water uniformly at the degree fixed upon. The degree of salt- 
ness of the water, is ascertained by the Hydrometer. It is made of either glass or metal, and marked to 
Fig-. 33. show the amount of salt held in solution, or other quality affecting specific gravity. 

This Hydrometer is made of metal, and of unusual size and strength, to withstand the hard usage to which such in- 
struments are subject on ship-board. The gradations of it are designed to show the number of ounces of salt con- 
tained in one United States standard gallon (8.338 avoirdupois pounds) of water, which is believed to be the best yet 
devised for this purpose, for the following reasons : 1st. It is perfectly intelligible to every one likely to require them. 
2nd. It is just as applicable to the water of one locality as another. 3rd. It is more easily noted, or logged, than most 
others. 4th. It is in just such proportion that a change of temperature of 20^ makes a variation equal to one division 
or ounce of salt ; so that a trial is not strictly confined to a particular temperature, for the reason that the necessary cor- 
rection for temperature is so simple, that it is scarcely liable to be a source of mistake. It is graded from freshwater to 
saturation at a temperature of ^70°: and on the reverse side is a scale containing the divisions most used, adapted to a 
temperature of 190°, to which small quantites of water, drawn from the boiler, will fall in about five minutes. For 
general use, this temperature will be found very serviceable; but, for exact measurement, 70° is much preferable. A 
standard glass Hydrometer should accompany them, to correct them in case of being bruised or broken. 

The water of the ISTorth Atlantic contains in 1,000 parts 42.6 parts, or J3 of salt, equal by this Hydrometer to 5 J 
oz., and by the Hydrometer of Gray & Keen, Liverpool, (imperial standard, and generally used in English steamers,) 
T oz. In some of the' steamers using this, Hydrometer 8 oz. has been adopted as to the extent to which the saltness 
of the wat"er is allowed, to. go ; others'^go as high as 10 or 12 oz. 

Sea water is often spoken" of as containing *"^y by weight of salt and earthy matter. But it varies considerably in 
different plai;ces,^as will be seen in the following 

TABLE 



Of^the amount of saline contents of sea loater from different localities, 

Baltic Se^ . . . . . . .. . . 6.60 

Black Sea . ... . '. '. . . 21.60 



15 2 

JL 
4 6 



Arctic Sea " 28.30 

Irish Sea 33.76 

British Channel . . . . . . . 35.50 = ^^ 



35 
JL 

30 



28 



Mediterranean . . . . . ... 39.40 =2^5 



Atlantic at Equator . . . . ; . . 39.42 

South Atlantic . ...... 41.20 

North Atlantic . . . . . . . 42.60 = 2V 

Dead Sea .... .^ ... . 385.00 =: ii 



— 2 5 

— _L_ 
24 
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Hoping tliat tlie foregoing description of the Steam Engine Indicator, with the diagrams of the 
working of steam engines, and the Manometer showing pressure on "boiler, will be a valuable 
assistance to builders and owners of steam engines, to see the defects, and to calculate the actual 
power of their engines, we must now leave this subject, and proceed with our calculations, ex- 
plaining, first, the difference of actual and nominal horse-power : 



ACTUAL AND NOMINAL HOESE-POWEE. 

Having, heretofore, stated that the actual horse-power is a force capable of raising 33,000 lb, 
one foot high in the minute, or a dynamical effort to evaporate a cubic foot of water per hour, 
what will be the value of a nominal horse-power? Ans. — A nominal horse-power is considered 
by some to raise 52,000 lbs., by others 60,000 lbs., and by others 66,000 lbs., one foot high in the 
minute, by each nominal horse-power ; and, therefore, no comparison can be made between the 
performances of different engines, unless the power actually exerted be first discovered, which 
can be done by the Indicator. 

How do you find the nominal horse-power of a high pressure steam engine ? According 
to " Bourne on Steam Engines," the nommal horse-power of a high pressure engine has never 
been defined ; but it should obviously hold the same relation to the actual power as that which 
obtains in, the case of condensing engines, so that an engine of a given nominal power may be 
capable of performing the same work, whether high pressure or condensing. This relation is 
maintained in the following rule, which expresses the nominal horse-power of high pressure 
engines : Multiply the square of the diameter of the cylinder in inches, by the pressure on the 
piston' in pounds per square inch, and by the speed of the piston in feet per minute, and divide 
the product by 120,000 ; the quotient is the power of the engine in nominal horse-power. 

Colburn, in his " Practical Series on Locomotive Engines Eelating to Stationary Engines," says : 
" The standard of a horse-power serves as a standard of comparison, and its utility as a unit of 
reference is not impaired, whether it represents the actual power of one horse or three, so long as 
the standard is universal." But as the work of a locomotive is all of one character, it becomes 
an object to know the actual power of an engine in drawing freight or passengers, in preference 
to referring it to any doubtful standard. For the assistance of such as may have occasion to 
estimate the horse-power of a stationary, or even a locomotive engine, we give the -usual rule. 
It is as follows : Multiply the area of the piston, the pressure of steam per square inch, the number 
of revolutions per minute, and the length of stroke, together, divide the product by 33,000, and 
take -Y^ of the quotient. It is a received law in mechanical science, that the. effect of a machine 
is to be estimated from its wr eight, or elenaental power, multiplied into the space through which 
the power acts.. Our readers will detect that in the above rule we have d.if'ections. to employ 
but one-half the speed of the piston to get the power of the engine. For instance, a 16-inch 
cylinder engine is usually rated as a 50-horse engine, but if, in calculating its power, we employ 
the actual speed..- of the piston in feet per minute, we shall find our engine to have 100 horse- 
power. 

If a horse raises 150 lbs. through 220 feet in a minute, or, through the application of Wheels 
and axles, levers,. &c., it raises .33,000 lbs. one foot high in a minute, then, what is usually termec 
a one-horse engine will raise 66,000 lbs., through the same distance, and in the same time. 
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Example : What would be the nominal horse-power of the steam engines tested at the Crystal 
Palace. Diameter of cylinder 12 inches, stroke of piston 3 feet, pressure of steam 10 lbs. per 
square inch above the atmosphere, and the engine-shaft makes 60 revolutions per minute: 



BoTJEisrE's Rule: 



12 diameter of cylinder. 
12 



144 

10 pressure of steam in pounds upon a square inch. 



10080 

360 feet in a minute. 



604800 
30240 



120000 ) 3628800 ( 30 nominal horse power. 
360000 



24800 
CoLBURi^'s Rule : 



Area of 12 inches diameter = 113.04 square inches. 

YO pressure of steam per square inch. 





7910 
180 


half the speed in 

43 

O.Y 

30.1 nominal hors 


a minute. 




632800 
7910 




) 


1423800 ( 
132000 






103800 
99000 


e-power. 



4800 



Both rules show also very little difference. 



To ascertain the nominal power of a high pressure steam engine of high speed, working about 
four' times the usual speed, the following rule is adapted, according to "Bourne on Steam 
Engines": Multiply the square of the diameter of the cylinder by the pressure on the piston 
per square inch, less a pound and a half, and by the cube root of the stroke in feet, and divide 
the product by 235 ; the quotient is the power of the high speed engine in nominal horse-power. 

Nominal horse-power of a condensing engine^ working at about four times the ordinary speed, 
may be ascertained by the following rule: Multiply the square of th^ diameter of the cylindei 
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in inclies by the cnbe root of the stroke in feet, and divide the product by 12 ; the quotient is 
the power of the high speed condensing engine in nominal horse-power. 

If we talk of an engine of 200 horse-power, it is not meant that the impelling efficacy is equal 
to 200 horses, each lifting 33,000 lbs. one foot high in a minute. Such was the case in Watt's 
engines ; but the capacity of cylinder answerable to a horse-power has been increased by most 
engineers since his time, and the pressure on the piston has been increased also, so that what is 
now called a 200 horse-power engine, exerts, almost in every case, a greater power than was 
exerted in Watt's time, and a horse-power has become a mere conventional unit for expressing a 
certain size of cylinder, without reference to the power exerted. 

The following table, we obtained from Mr. Wm. Burden, a well-known steam-engine builder, of 
102 Front Street, Brooklyn, giving the nominal horse-power of his horizontal high-pressure steam 
engines, stating diameter of cylinder, and stroke of piston, at which amounts of horse-power his 
engines are sold, although the actual power may be about twice the same as of a nominal horse- 
power : 



3 Horse Engine. 


41 


incli Bore. 


10 inch. Stroke, 


4 


do. 


5 


do. 


12 


do. 


5 


do. 


6 


do. 


12 


do. 


6 


do. 


5 


do. 


15 


do. 


n 


do. 


6 


do. 


15 


do. 


8 


do. 


7 


do. 


15 


do. 


9 


do. 


8 


do. 


15 


do. 


8 


do. 


6 


do. 


20 


do. 


9 


do. 


7 


do. 


20 


do. 


10 


do. 


8 


do. 


20 


do. 


12 


do. 


9 


do. 


20 


do. 


10 


do. 


8 


do. 


24 


do. 


12 


do. 


9 


do. 


24 


do. 


14 


do. 


10 


do. 


24 


do. 


16 


do. 


11 


do. 


24 


do. 


20 


do. 


11 


do. 


30 


do. 


25 


do. 


12 


do. 


30 


do. 


30 


do. 


13 


do. 


30 


do. 


35 


do. 


14 


do. 


30 


do. 


30 


do. 


12 


do: 


36 


do. 


35 


do. 


13 


do. 


36 


do. 


40 


do. 


14 


do. 


36 


do. 


46 


do. 


15 


do. 


36 


do. 


50 


do. 


15 


do. 


42 


do. 


60 


do. 


16 


do. 


42 


do. 


TO 


do. 


16 


do. 


48 


do. 


100 


do. 


20 


do. 


48 


do. 


125 


do. 


20 


do. 


60 


do. 
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"We illustrate below another table from Messrs. H. & F. Blandy, an extensive portable steam- 
engine builder for saw-mUls, of Zanesville, Ohio ; engine attached to the boiler with one cylinder : 



3 Horse-power Engine. 4 inch. Diam. 8 inch. Stroke. 



4 
6 
8 
12 
15 
18 
20 
22 
25 
30 
35 



do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 



4i 


do. 


5 


do. 


Si 


do. 


6 


do. 


7 


do. 


8 


do. 


H 


do. 


9 


do, 


9^ 


do 


10 


do. 


11 


do, 



9 


do. 


10 


do. 


12 


do. 


12 


do. 


14 


do. 


14 


do. 


16 


do. 


14 


do. 


16 


do. 


16 


do. 


18 


do. 



Price, $300 

400 

600 

800 

1000 

1200 

1360 

1400 

1600 

1*750 

2000 

2200 



The boilers for each size cylinder, containing 15 square feet heating surface, or over that, to each 
horse-power. 

DESCRIPTION OF BLANDY'S 15 HOESE-POWER PORTABLE ENGINE AND 

BOILER. 

Boiler, 11 feet 3 inches long, 40 inches diameter ; fire-box, 34 inches diameter, 64 inches long, 
with open grate surface; 56 two-inch, lap welded, safe-end flues, 6 feet 11 inches long ; fire-box, 
entirely surrounded by water, 226 square feet of heating surface, breeching and, smoke stack ; 
heads of boiler | inch thick ; fire-box, -f^j inch thick ; cylinder, V inches diameter, and 14 inches 
stroke; pistons, spring metallic packing; iron band wheel, 5 feet diameter (solid), 12 inches, face 
.turned; main shaft, wrought iron, S} inches diameter ; weight of the 15 horse-power engine, from 
5500 to 6000 lbs. 

SIZE OF CIRCULAR SAW MILL. 

52 inches diameter of saw, 24 feet carriage, and 48 feet ways; complete, with head blocks, 
price, $450. 

LIST OF PORTABLE STEAM ENGINES WITH BOILER 

OF THE NEWARK MACHINE WORKS (OHIO). 



Horse-Power. 


Diameter 
of Cylinder. 


Length 
of Stroke. 


Diameter 
of Fly- Wheel. 


Face 
of Fly-Wheel. 


Fire Surface 
of Boiler. 


Weight. 


Price. 




Inches. 


Inches. 


Inches. 


Inches. 


Square feet. 


Founds. 




3 


4 


8 


34 


4 


45 


1600 


$300 


5 


5 


13 


36 


5 


76 


3000 


550 


6 


6 


13 


43 


7 


90 


3500 


650 


8 


7 


14 


54 


8 


120 


4000 


825 


10 


8 


16 


60 


10 


150 


5200 


1000 


13 


9 


16 


60 


10 


180 


6000 


1200 


15 


n 


18 


72 


12 


335 


6800 


1400 


20 


10 


20 


73 


12 


300 


9200 


1600 
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CIKCULAK SAW MILLS 

with 24 feet of caeeiage, 48 feet of wats, awd 2 head blocks, complete for tjse. 

(belting excepted.) 







SiKGLE 


Mills. 




Double Mills. 


No. 


1, with 36 inch Saw, $260 


No. 5, with 62 inch Saw, $390 


With 42 and 24 inch Saw, 


$375 




2, " 42 " 

3, " 48 " 


" 285 
" 340 


" 6, " 54 " 
" 7, " 56 " 


" 410 
" 440 


u 48 « 26 " " 
"' 50 " 28 " " 
" 52 " 30 " " 


425 
440 
480 


a 


4, " 60 " 


" 350 


" 8, " 60 " 


" 485 


" 64 " 30 " " 


600 



NOMINAL HORSE-POWER FOR CONDENSING ENGINES. 

The rule most commonly used in tlie United States for denoting the nominal horse-power, 
of all condensing engines, is that first laid down by Watt, as follows : 

Multiply the square of the diameter of the cylinder, in inches, by the cube root of the stroke, 
in feet, and divide the product by 47 ; the quotient is the number of nominal horse-power of the 
engine. This rule supposes a imiform effective pressure upon the piston, of 1 lbs. per square inch. 
Mr. Bourne, in his treatise on steam engines, in commenting on this point, says : " Mr. Watt 
estimated the effective pressure upon the piston of his 4-horse-power engines at 6.8 lbs. per square 
inch, and the pressure increased slightly with the power, and became 6.94 lbs. per square inch in 
engines of 100 horse-power ; but it appears to be more convenient to take a uniform ]3ressure of 
1 lbs. for all powers. Small engines, indeed, are somewhat less effective in proportion than large 
ones, but the difference can be made up by slightly increasing the pressure in the boiler ; and 
small boilers will bear such an increase without inconvenience." 

The universal employment of the non-condensing system, with a very greatly increased boiler 
pressure for all small engines, has rendered these remarks very inapplicable to such at the pre- 
sent day ; but, for condensing engines of all sizes, it may be considered an excellent standard rule. 
In the form of a formula it appears as follows : 



47 



= nominal H. P. 



d means diameter of cylinder, in inches, and S stroke of piston, in feet. 

The question of nomiual horse-power is one of interest mainly to the builder and purchaser of 
engines, as a conventional mode of designating and comparing sizes. It is of little consequence in 
practical science ; and the use of the term will, probably, be soon discarded in American engi- 
neering. In Great Britain, every steam vessel is rated at a certain nominal horse-power ; in the 
United States, on the contrary, the dimensions of the cylinder are almost universally expressed in 
feet and inches, the nominal power being considered of little moment, and the actual power being 
well understood to depend on the effective pressure in the cylinder and the speed of the piston, 
both of ^ which elements may be varied at will within certain limits. 
11 



EXPANSION OF STEAM. 



RULE FOR CALCULATING THE ACTUAL HORSE-POWER OF HIGH PRESSURE 
STATIONARY STEAM ENGINES USING STEAM EXPANSIVELY. 

The meaning of working steam expansively is, in adjusting tlie valves so tliat tlie steam is shut 
off from the cylinder before the end of the stroke, whereby the residue of the stroke is left to be 
completed by the expanding steam. 

The benefits of using steam by expansion are : It accomplishes an important saving of steam, 
or, what is the same thing, of fuel ; but it diminishes the power of the engine, while increasing the 
power of the steam. A larger engine will be required to do the same work, but the work will 
be done with a smaller consumption of fuel. If, for example, the steam be shut off when only 
half the stroke is completed, there will be more than half the power exerted ; for, although the 
pressure of the steam decreases after the supply entering from the boiler is shut off, yet it imparts, 
during its expansion, some power, and that power, it is clear, is obtained without any expenditure 
of steam or fuel whatever. 

The rule for ascertaining the amount of benefit derivable from expansion is : Divide the length 
of the stroke by the length of the space into which the steam is admitted ; find in the table on 
the next page, the hyperbolic logarithm of the number nearest to that of the quotient, to which add 
one. The sum is the ratio of gain. 

Example. — Suppose the steam to enter the cylinder at the pressure of 50 lbs. per square inch, 
and to be cut off at one-fourth of the length of the stroke ; what is the mean pressure, the stroke 
being ten feet ? 

10 -r 2.5 = 4 Hyp. log. of 4 = 1.38629 + 1 = 2.38629. 

2 38629 X 60 
Then, as 4 : 2.38629 : : 50 = ^ — — = 29.82862 lbs. 

If a given quantity of steam, the power of which, working at full pressure, is represented by 
1, be so admitted into a cylinder of a certain size, that its ingress is concluded when one-half the 
stroke has been performed, its efficacy will be raised by expansion to 1.69 ; if the admission of 
the steam be stopped at one-third of the stroke, the efficacy will be 2.10 ; at one-fourth, 2.39 ; at 
one-fifth, 2.61; at one-sixth, 2.79; at one-seventh 2.95; at one eighth, 3.08. The expansion, 
however, cannot be carried, beneficially, so far as one eighth on all engines, unless the pressure of 
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tlie steam in the boiler be very considerable, on account of the inconvenient size of cylinder, or 
speed of piston, wMcli would require to be adopted. Also, tlie friction of the engine, and resist- 
ance of vapor would become relatively greater with a smaller urging force. 

TABLE 

TO FIND THE MEAN PRESSURE BY HYPERBOLIC LOGARITHMS. 



No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logai-ithm. 


1.25 


.223M 


3.5 


1.25276 


5.75 


1.74919 


8. 


2.07944 


15. 


2.70805 


1.6 


.40546 


3.75 


1.32175 


6. 


1.79175 


8.5 


2.14006 


16. 


2.77258 


1.75 


.55961 


4. 


1.88629 


6.25 


1.83258 


9. 


2.19722 


17. 


2.83321 


2. 


.69314 


4.25 


1.44691 


6.5 


1.87180 


9.5 


2.25129 


18. 


2.89037 


2.26 


.81093 


4.5 


1.50507 


6.75 


1.90954 


10. 


2.30258 


19. 


2.94443 


2.5 


.91629 


4.76 


1.55814 


7. 


1.94591 


11. 


2.39789 


20. 


2.99573 


2.75 


1.01160 


5. 


1.60943 


7.25 


1.98100 


12. 


2.48490 


21. 


3.04462 


3. 


1.09861 


5.25 


1.65822 


7.6 


2.01490 


13. 


2.56494 


22. 


3.09104 


8.25 


1.17865 


5.5 


1.70474 


7.76 


2.04769 


14. 


2.63905 







The engines tested at the Crystal Palace, of which we have given calculations, on page 92, the 
steam following the whole stroke of the piston, we obtained 86.36 horse-power, without deduct- 
ing friction of the working parts. 

Now, what would be the amount of horse-power if the steam is cut off at half stroke ? 

Diameter of cylinder, 12 inches ; stroke of piston, 3 feet; the pressure of the steam 'TO lbs. 
per square inch, above the atmosphere, and the engines made 60 revolutions per minute. 

The average, or mean pressure, of steam upon a square inch of the piston will be by expan- 
sion: 

3 -^ 1.5 = 2 . Hyp. log. of 2 = 0.69314 + 1 = 1.69314. 

1 69314 X YO 
Then, as ^ == 59.2599 = 5 9| lbs., mean pressure. 

Multiply the area of the piston, in inches, by 59 lbs., and this product by speed of piston, in feet, 
per minute, and divide by 33000 ; the result will be : 

6^ X 3.1416 X 59 X 3 X 2 X 60 



= Y 2.7 horse-power, 
. 6.3 



33000 
Deduct for friction of engine about . . . 

Leaving . . . . . 66.4 for driving machinery and shifting. 

Cutting off steam at one-fourth of the stroke : 

3-^1- = 4. Hyp. log. of 4 = 1.38629 + 1 = 2.38629. 

Then, ^'^^ -^ = 41.76, average pressure upon a square inch upon the piston. 



6^ X 3.1416 X 41.76 X 3 X 2 X 60 
33000 

Deduct for friction of engine, calculated on page 93, 



51.5 horse-power. 

6.3 horse-power. 
45.2 horse-power. 
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6 
_6 

36 
3.1416 

216 
36 

144 

36 
108 

113.0976 
41.76 

6785856 
7916832 
1130976 
4523904 

4722.956776 
3. 

14168.867328 

2 

28337.734656 
60 



33000 ) 1700264.079360 ( 51.5 Korse-power. 
165000 

60264 
33000 



172640 
165000 



76407 



It is herewitii shown, tliat the same engine 
will produce 79.7 actual horse-power, if the 
steam in the cylinder follows the whole stroke 
of piston ; 66.4 horse-power, if the admission of 
steam into the cylinder is shut off at half 
stroke ; 45.2 horse-power, if the admission of 
steam is shut off at one-fourth of the stroke, 
using also only one-fourth the quantity of steam ; 
while it requires four times the same quantity 
to produce the 79.7 horse-power,' 

The mean or average pressure of steam on a 
piston can also he found in the following man- 
^ner : 

Eule. — Divide the length of the stroke, 
added to the clearance in the cylinder at one 
end, hy the length of the stroke at which the 
steam is cut off, added to the clearance (if great 
accuracy is required, the space hetween the 
cylinder and the steam valve must be added to 
the clearance), and the quotient will express the 
relative expansion it undergoes. 

Find, in the following table, in the column of 
expansion, a number corresponding to this ; 
take out the multiplier opposite to it, and mul- 
tiply it into the full pressure of the steam pqr 
square inch as it enters the cylinder. 



TABLE SHOWING THE MEAN PEESSUEE OF STEAM. 



Expansion. 


Multiplier. 


Expansion. 


Multiplier. 


Expansion. 


Multiplier. 


Expansion. 


Multiplier. 


Expansion. 


Multiplier. 


Expansion. 


Multiplier. 


1.0 


1.000 


2.2 


^813 


3.4 


.654 


4.6 


.549 


6.8 


.479 


7. 


.430 


1.1 


.995 


2.3 


.797 


3.5 


.644^ 


4.7 


.542 


5.9; 


.474 


7.1 


.427 


1.2 


.985 


2.4 


.781 


3.6 


.634 


4.8 


.535 


6. 


.470 


7.2 


.423 


1.3 


.971 


2.5 


.766 


3.7 


.624 


4.9' 


.528 


6.1 


.466 


7.3 


.420 


1.4 


.955 


2.6 


.752 


3.8 


.615 


5. 


.622 ; 


6.2 


.462 ^ 


7.4 


.417 


L6 


.937 


2.7 


.738 


3.9 


.605 


6.1 


.616 


6.3 


.458 


7.5 


.414 


1.6 


.919 


2.8 


.725 


■- 4. ■ ■ 


;/\597 . 


6.2 


.510 


6.4 


.464 


7.6 


.411 


1.7 


.900 


2.9 


.712 


4.1 


.588 


5.3 


.504 


6.6 


.460 


7.7 


.408 


1.8 


.882 


3. 


.700 


4.2 


.580 


5.4 


.499 


6;6 


.446 


7.8 


.405 


1.9 


.864 


3.1 


;688 


4.3 


.572 


5.5 


.494 


6.7 


\ .442 


7.9 


.402 


2. 


.847 


3.2 


.676 


vA-4 


.564 


6.6 


.489 


6.8 


.438 


8. 


.399 


2.1 


.830 


3.3 


.665 


' 4.5 


.556 


5.7 


.484 


6.9 


.434 







Example,— Suppose the steam to enter the cylinder at a pressure of TO IbS; per square incli, and 
to be cut off at one-half the Itogth of the stroke of the piston, the stroke being three feet. 
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3 feet = 36 incKes + 0.5 for clearance = 36.5. 
Stroke 1 = 18 inclies + 0.5 " = 18.5. 

Then 36.5 — 18.5 = 1.97, the relative expansion which falls between 1.9 and 2. Referring to 
the table, the multiplier for 1.9 is 0.864; and the difference between that and the mnltiplier for 
2 is 0.017. Hence, multiplying 0.017 by .07, and subtracting the product 0.011, the remainder, 
0.853, is the multiplier for 1.97. Therefore, 0.853 x 70 = 59.710 lbs. per square inch, the mean 
effective pressure on the piston. 

FORCE OR FEED PUMPS. 

To find the quantity of water to feed the steam-boiler by the feed pumps at each revolution in 

a steam-engine, the capacity of the cylinder, pressure of steam, and the number of revolutions 

G X 2f* 
being given, ~ — _ , when represents cubic feet of steam expanded in the cylinder, t the 

number of revolutions, and V the volume of the steam at the pressure in the cylinder. 

Example.— Wbat quantity of water will an engine require per revolution, the diameter of 

cylinder being 12 inches, the stroke of the piston 3 feet, and the pressure 70 lbs. per square 

inch, steam cut off at one-half of the stroke of piston. Area of cylinder 6^ X 3.14 = 113.04 

36 . 

inches: one-half of stroke — = 18 inches. 

' 2 

Then, 113.04 X 18 -^ 1728 = 1.17 cubic feet. 

Volume of steam at the above pressure, per table, pages 77, 78 = 408. 

Hence, ^'"^"^ ^ ^ = 0.0057 cubic feet. 

' 408 

Or, 0.0057 X 1728 = 9.8496 cubic inches water, per revolution. 

This refers to th.e expenditure of steam alone ; in practice, however, a large quantity of water 
(differing in different cases) is carried into the cylinder in mechanical combination witli the steam. 
Allowance must, therefore, be made for any losses by waste, clearance of piston, capacity of steam- 
port, and condensation of steam in passing from steam-boiler to tke engine. 

A feed-pump, with about three times the capacity of 9.8496 x 3 = 39.5488 cubic inches, 
will answer, when a single pump is used. 

It is preferable to apply two feed-pumps, one of tlie pumps to contain half the capacity of 

29 5 

— L-^ == 14.75 = 14yV-o cubic inches to supply the water to the boiler and keep the other pump 

in reserve. 

The constant supply of water of such a capacity as is required to supply the steam-boiler, 
to evaporate the same amount of steam as is used by the steam-engine, calculating for waste, 
is a decided advantage, and should be recommended by builders to owners of engines; the 
additional cost of another pump should not be considered. Its cost will soon be balanced by the 
gain of fuel. Steam-pumps are decidedly the best for such, purposes, as they are worked 
direct by the steam of the boiler, and can be so regulated, either to give a constant supply of 
feed water to the boiler, or the speed of pumps can be increased to supply a larger amount of 
water, as the engineer may find necessary. 
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CONDENSING STEAM ENGINES. 

To calculate the actual horse-power of a condensing engine, it differs somewhat from that of a 
high pressure engine, on account of the air-pump. The following rule is to be observed : 
I. Find the mean effective pressure, in pounds, upon the cylinder piston. 

II. Find the pressure upon the piston, in pounds, necessary to overcome the friction of the en- 
gine, and pressure upon cylinder piston to overcome the friction of the air-pump and its gear- 
ing, and deduct these two amounts from the whole mean effective pressure, in pounds, upon cylin- 
der piston ; then multiply the velocity of cylinder piston, in feet, per minute, with the re- 
mainder. 

III. Find the atmospheric pressure, in pounds, upon the air-pump bucket, and multiply the 
same with the velocity of air-pump bucket, in feet, per minute ; the amount deduct from the pro- 
duct of ( II. ), and divide the remaining sum by 33000 : the quotient will be the amount of actual 
horse-power of the engine. 

Let /S' represent velocity of cylinder piston, in feet, per minute ; n^ velocity of air-pump bucket, 
in feet, per minute ; *jP, mean effective pressure upon cylinder piston^ in pounds ; m, pressure upon 
cylinder piston necessary to overcome the friction of the air-pump and its gearing ; *5, the pounds 
pressure upon the air-pump bucket ; /, the pounds pressure upon the piston necessary to over- 
come the friction of the engine. 

The value of m is about 2 lbs. per square inch, that of 5, 9.5 lbs., and /, at a fair estimate, is 
one-fifth of the pressure, per steam gauge. 

iiien, '^- :^rzrz-r- = horse-power. 

' 33000 ^ 

Example. — ^The diameter of the cylinder of the low-pressure engine of the steam-boat Francis 
Skiddy^ illustrated on Plate XVII, is 70 inches ; the stroke of the piston, 14 feet ; the revolution 
of main-shaft, 16 per minute ; the diameter of the air-pump, 46 inches ; and 4 ft. 4 in. stroke ; the 
pressure of the steam, 33 lbs. upon a square inch. Steam cut off at 9 ft. from commencement of the 
stroke of the piston. 

Then, /S' = 14 X 2 x 16 = 448 feet. 

^ = 4 feet 4 inches = 4.33 X 2 x 16 = 138.56. 
P = the mean effective pressure of steam in cylinder, will be, 
14 -^ 9 = 1.5 Hyp. log of 1.5 is (see table on page 131) = 0.40546 + 1 = 1.40646. 

Then, as ^'^^546 X 33_ ^ 30.92 lbs. mean pressure. 

0.93f Or, find, in the table on page 132, the multiplier for 1.5, which is = 0.937, 

33. and multiply the same with 33 lbs., pressure of steam ; the product will be 0.937 

2811 X 33 = 30.92 lbs. mean pressure. 

2811 Then multiply the mean pressure of steam, which is 30.92 lbs., with area of 

30.921 lbs. piston, in square inches. 



These values are best obtained by an Indicator ; when none is used, refer to rule and table on pages 181, 182. 
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80.92 X 3848.4 = 118992.5 lbs., mean effective pressure upon cylinder piston. 
m = 3848 X 2 = ^696.8 lbs. 

h = area of 46 is, 1661.9 X 9.5 = 15Y88. lbs. 

/ == 30.92 lbs. = 0.2 X 3848.4 ^ 23798.5 lbs. 

118992.5 - 23Y98.5 + 7696.8 X 448 iJgS ^ X^^ I^ ^ 112I.5 = 1121i, horsepower. 



33000 

23'^08.5 118992.5 15788 

'7696.8 31495.3 138.56 



31495.3 87497.2 94728 

448 78940 

126304 
47364 

15788 



6999776 
3499888 
3499888 

39198745.6 

2187585.2 



2187585.28 



33000 ) 37011160.4 ( 1121.5, actual horse power. 
33000 

40111 
33000 



71116 
66000 



51160 
33000 

181604 
165000 

16604 

The foregoing calculation can be simplified in tlie following manner : Find mean pressure upon 
cylinder piston, in pounds, and multiply tlie same with velocity of piston, in feet, per minute, and 
witli 0.695, and divide tlie product, as usual, by 33000 ; the quotient will be tlie actual horse- 
power. 

118992.5 X 448 x 0.695 ..^o^ ^ m. 

= 1122.4, actual norse-power. 

33000 ' ^ 

The multiplier, 0.695, is for resistance of engine for all working parts, and can be used for all 
condensing engines from 100 up to 2000 horse-power. 

According to Tredgold, the resistance for a Watt's low-pressure engine is calculated in the fol- 
lowing manner : 

The pressure of steam in the boiler being . . . .... 1.000 

there will be lost (not inclading the counter pressure of the condensed steam), 

1. The force for the velocity of steam in cylinder 0.007 

2. Loss through the condensation of steam in cylinder and in the pipes . 0.016 

3. Friction of piston and loss of steam through packing . . . 0.125 

4. Force for the steam to pass through the openings and pipes . . O.OOY 

5. Force to move the different valves and friction of shafting - . . 0.063 

6. Loss through the early cutting off of steam 0.100 

7. Power to move the air-pumps 0.050 

Eemains . 0632" 

Counter pressure of condensed steam . .0 63 

Multiplier in full for resistance . . . . . 0.695 
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The calculations heretofore given of the engines of the Francis SMddy are, as the boat is run- 
ning now at a slow speed, starting from New York at six o'clock in the evening, and arriving next 
morning at five o'clock, making the voyage to Albany in 11 hours, a distance of 146 miles without 
stopping. When she made her trips as a day-boat, she started in the morning, at seven o'clock, 
and arrived at Albany at twenty-four minutes past two o'clock in the afternoon, making seven 
landings — losing one hour time to do it ; made, also, the voyage in six hours and twenty-four min- 
utes, with a pressure of steam of 45 lbs. upon a square inch, and making 21^ revolutions with main- 
shaft, cutting off steam at 7 ft. 6 in. of the stroke of piston. Mean pressure of steam is, 39.1 lbs. 

rp. 39.1 X 3848.4 x 602 x 0.695 ,^^^ . .. 

IJien, — ^cyf^,-^r^ = 1907, actuai horsc-powcr. 



33000 



At the speed producing the 190Y actual horse-power by her engine, the hull of the Francis 
Shiddy was 38 feet wide, and draft of water, unloaded, 7 feet; when loaded, 7 feet 6 inches, run- 
ning with an average speed of 22yV niiles per hour. But, as she is running now, the hull of the 
boat is enlarged 14 feet, making the hull 52 feet wide, draft of water, unloaded, 5 feet 4 inches, 
when loaded, 6 feet 4 inches, running with an average speed of 13^^^ miles per hour with 1121-^ 
actual horse-power by her engine. 

SIZE OP BOILERS. 



The Francis SMddy has four cylindrical flue boilers, and four 

Extreme length of steam-boilers 

Diameter of shell . 
Two separate fire-grates for each boiler. 

Length of fire-grate 

Width of each fire-grate . 

Height of fire-box from top of grate-bar 

Length of combustion chamber 

Lower flues for the whole boiler 



Length of lower flues 

Upper flues for the whole boiler 

Length of upper flues 

Width of smoke chamber, foremost end 

Width of smoke chamber, below chimney 

Diameter of steam chamber 

Height of steam chamber 

Diameter of chimney . . 

Water space between outside shell and shell of fire-box 



chimneys. 

28 feet 1 inch. 
8 feet. 

6 feet 6 inches. 

3 feet 11 inches. 
2 feet 7 inches. 

20 inches. 

6 pieces at 11 in. diameter. 
■ 2 pieces at 15 in. " 

2 pieces at 10 in. " 
17 feet 2 inches. 

5 pieces at 16 in, diameter. 

21 feet 6 inches. 
24 inches. 

42 inches. 
66 inches. 
10 feet. 
42 inches. 

4 inches. 



FIRE AND GRATE SURFACE. 



Whole amount of fire surface for the four boilers 
Whole amount of grate surface, do. 
Area of lower flues for one boiler 
Area of upper flues for one boiler 
Area of chimney for one boiler . 



5132 square feet. 
208 square feet. 
1079 square inches. 
J 004 square inches. 
1384 square inches. 



SCREW PROPULSION. 



The principle on wBicli the propulsion of vessels depend is very simple ; but the mathematical 
investigation of any system, involves such a number of important elements, that it becomes one 
of the most severe and complex problems ever presented to the mechanical engineer. The fun- 
damental principle in acting upon the water by mechanism, whether artificial or natural, is, to urge 
the water backward, or, in other words, to endeavor to impel a quantity of the water in one direction, 
and thereby to obtain from the inertia of that water a force, sometimes termed reaction, which 
impels the vessel in the opposite direction. This principle is alike availed of in the screw-pro- 
peller, the paddle-wheel, and the oar ; and although, perhaps, less plainly apparent, it lies at 
the foundation of the movements made in swimming, whether by fishes, animals, or birds. In 
each instance, the water is acted on by a portion of the mechanism Avhich tends to move it in a 
direction the reverse of that in which the object itself is moving. The water may, or may 
not, at the same time receive a sidewise motion. If it does, that part of its motion is of no 
effect in propelling, but it consumes the power of the mechanism uselessly. 

Three points more will suffice for the consideration of the general subject of propulsion. 
The first is, the effect of the quantity of water acted upon. We have seen, that the power, 
or energy, expended on the propelling apparatus produces two effects, one of which is, the 
urging of a quantity of water backward, and the other, the urging of the vessel, or equiva- 
lent object, farward. Power is expended in producing both these effects ; but it does not 
necessarily follow, that the amounts are, in all cases, or in any case, equal. If the propelling 
blade, whether of the screw, the paddle, or the oar, moves backward through the water with 
the same velocity as the vessel moves forward, then the power is equally distributed between the 
two effects. The useless effect of driving the water backward, and producing a slight current in 
the sea, to be gradually extinguished by the friction of the adjacent particles long after the 
vessel has passed, has absorbed precisely the same amount of steam power, or other dynamic 
agency, as the driving of the vessel usefully on her way has done in the same period. If, in a 
steam-vessel working under such conditions, the engine has actually worked with a power of 400 
horses, only 200 has been finally spent in the direct work of urging the vessel forward. Fifty 
per cent., or one-half of the whole power, has been spent in the backward motion of the paddles, 
or screw, through the water. The term employed in engineering, for this loss, is " slip." The pad- 
dle-wheels, or the screw, are said to '' slip " backwards through the water. There is always a sen- 
sible loss from this cause, but it rarely reaches the extent of fifty per cent., except in the case of 
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tug°"boats struggling witli -a large ship, or other load, in tow. Tlie average slip in sharp vessels^, 
with well-proportionecV propelling means/ is only from twelve to tv^enty-five per cent, of the 
whole power. The currents of water set in motion "backward by the wheels of a paddle- 
steamer are very sensible ; but they are sluggish compared to the active movement of the 
vessel in the other direction. This difference is due, in a great degree, to the sharpness of the 
vessel, as compared with the form of the paddles ; but, allowing the form of the hull and paddles 
to remain unchanged, it is directly affected by the quantity of v^^ater seized and acted on by the 
paddle-wheels. The force urging the vessel onward is derived entirely from the hold of the pad- 
d.les upon the water, consequently the total, or gross amount of force, measured in pounds, is 
equal on both the vessel and the water. If a constant force, equal to three tons, is recjuired to 
be applied to a rope, in order to impel a vessel with a certain speed, it requires precisely an equi- 
valent amount of force when applied by the engines, through the medium of the paddles or the 
screw, and the amount of " slip," or yielding of the water, under such a force, depends on the 
quantity of water grasped. If the paddles were indefinitely large, other things being equal, the 
"slip'' might he diminished to nothing; or, if, on the other hand, the paddle-wheels l>e made 
very narrow, and their " dip,'' or immersion, in the water be very slight, or, if a screw be made dis- 
proportionately small, the loss by " slip " increases. 

In the language of Tredgold, we may say, that " the area of the surfaces in action, multiplied 
Iby the resistance, must he equal to the area of the vessel, multiplied by the vessel's resistance 
when reduced to the same direction." The latter being constant, with any given model and speed, 
it foUovfs, that any diminution in the area of the propelling blades must be compensated for by 
the attainment of an increased resistance of the water on the unit of surface, and this increased 
resistance can only be attained by giving the blade a more rapid backward motion through the 
water, or, in other words, a greater " slip." 

The second point to be considered is, the agitation or churning of the water, generally desig- 
nated, " the loss by oblique action." Each float of a paddle-wheel, especially when the wheel is 
deeply immersed, plunges into the water in an inclined position, impelling the particles of water 
downward toward the bottom. Thence, it sweeps around and acts d.irectly backward for an 
instant, after which it emerges with a lifting action impelling the water upward, and allowing it 
to escape in a violently agitated condition, by falling, as it were, from its edge, or edges. This 
plunging and lifting consumes power, and as uselessly as does the backward " slip" of the wheel. 
It happens, that the paddles of a wheel cannot well be increased in size without increasing the loss 
from this cause, Hor diminished, without increasing the loss by " slip," so that the generally 
accepted form and proportion of the paddle-wheel is the result of a species of compromise 
between these two conflicting elements. 

Screw propulsion, although it may, at first view, seem peculiarly open to this objection, 
because the screw surfaces alvv^ays act obliquely upon the water, is not, in fact, much affected by 
this element ; but, as an offset, there appears, in this form of mechanical action, an effect peculiar 
thereto, and which is the third and last which we have proposed to consider. This is, the 
"friction of the acting blades upon the water, usually denominated " the friction of the screw " 
The great area of the screw glides smoothly along in its helical, or cork-screw-like course, making 
no dashing and churning like the paddle-wheel, and thus almost entirely free from the loss by 
oblique action ; but its pressure against the water on its rear surface, and' to a less extent a 
pressure of the fluid on its front side, induces a great resistance even in so apparently frictionless 
a medium as water. 
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To recapitulate "briefly, it appears, tliat all propulsion, properly so called, is performed hj tie 
urging back of water ; tliat tlie power wasted in thus moving water depends on tlie quantity acted 
on, tlie power wasted becoming less as tlie quantity of water acted on is increased ; tliat tliere is 
in tlie paddle-wlieel a loss by oblique action, or by tlie plunge and lift of the paddles; and 
tliat tliere is in the use of the screw an offset thereto, in the friction of the screw itself upon the 
water. There is, therefore, no very great fundamental advantage or disadvantage, in theory, 
possessed by the screw, which is not offset by, or identical with, some feature of the paddle-wheel. 
The differences are mainly practical. The paddle-wheels are cumbrous and unsightly, and 
often exceedingly inconvenient : they do not allow of the vessel being careened over by a 
press of canvas, like the screw. But, on the other hand, the screw can not, or does not, produce 
the same speed of vessel, as the side paddle-wheel; and the result is, a division of our steam 
marine into paddle-wheel and screw steamers, each possessing independent advantages — the 
paddle-steamer being preferred for those uses where speed is of supreme importance, and the 
screw being preferred for those in which sails are largely depended on as aids in producing 
the motion. For naval purposes, also, the screw possesses great advantages in being entirely 
immersed, and thus out of the reach of shot. The proportion of vessels, in which the screw is 
preferred over the paddle-wheel, has been increasing for many years. 

From the facts that the screw vessel is but partially impelled by steam,, and that a lower rate 
of speed is considered satisfactory, the gross power of the engines is usually less than is applied 
by the engines of a paddle vessel of corresponding size. Aside from this, however, a most im- 
portant distinction exists in the character of the mechanism. The engines of a paddle-wheel 
steamer are large and slow ; those of a screw vessel of similar size, must be relatively small and 
quick-acting. The difficulty of working with sufficient speed to impel the screw, lies at the foun- 
dation of the differences between screw and paddle-engines. The English very frequently intro- 
duce gearing which allows the use of engines more like the ordinary style ; but the friction and 
rattling sound, as well as many other disadvantages thus involved, has prevented its general intro- 
duction in America. 

The Griffith Patent Propeller is a French invention, the form and construction of which is shown 
in Plate XXXIIL, Figs. 44, 45, 46, and 4Y. The central boss is very large and spherical, and the 
arms, or blades, are capable of being feathered, or adjusted to different angles, and are, further- 
more, broader at the junction with the boss than at their extremities. It has been quite exten- 
sively introduced in large war vessels, both in Great Britain and this country ; and, as this form 
of propeller is, in several important points, opposed to all previous ideas of the true form and 
proportions of an efficient screw-propeller, the following elaborate analysis of its several points, 
and. comparison with the commoner forms of screw, although rather strongly drawn, will be found 
of much practical value. It is contributed by Mr. Charles W. Copeland, of this city. 

The peculiarities of this propeller, as compared with all those previously known, are : 

1st, Instead of continuing the blades down to the shaft, and keeping the hub as small in diam- 
eter as the requisite strength will permit, about one-third of the entire diameter is occupied or 
filled by the spherical hub. 

In the experiments made by the inventor, it was ascertained, that the central part of the blades 
of the ordinary screws cchsoried 20 per cent of the power, and had little or no propelling effect in 
consequence of that part of the blades (more especially in coarse pitched screws) being nearly 
in a line with the shaft, the effect when in operation being to throw the water off (by its flapping 
and centrifugal action) at right angles to the line of the vessePs motion, thus seriously disturbing 
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and l^reaHiig up tliat portion o£ tlie water upon wMcli tlie more effective part of the blades 
should act. 

The great vibration of the stern of all screw-steamers is also to be attributed, in a greater or 
less degree, to the action of this central portion of the blades, which is, at the same time, so ineffi- 
cient for the purposes of propulsion, and so wasteful of power. 

It will be readily understood, that the power required to overcome the friction only of the cen« 
tral sphere must be but a mere fraction of the power wastefuUy expended in overcoming the resist- 
ance of the central portion of the ordinary propeller. 

Another advantage resulting from the use of the spherical hub is, that the water not being 
violently agitated and broken up by the central portion of the blades, the more effective portions 
of the blades are permitted to work in water more quiescent and solid, producing a better result^ 
and working with a decreased amount of " slip." 

2nd. The second important feature of this propeller is, the/orm of the hlades^ which, instead of 
being largest at the extremity, is directly the reverse, 

A twofold advantage results from this change of form : 1st, the resistance of the different por- 
tions of the blade is more nearly uniform, the width of the blade being decreased at the distance 
from the shaft, and consequently its velocity is increased : being narrowest at the periphery, where 
its rotative velocity is greatest. 

3rd. By thus reducing the blade towards the periphery, the clearance between the blade and the 
stern and rudder posts is increased, giving the greatest clearance where the rotative velocity is 
greatest, and, by this increased clearance, the vibrating motion of the stern of the vessel, which 
is so severe with the ordinary screw, is entirely prevented. 

4th. Another result of this form of blade is, that the water in which the blades work is so 
much less disturbed than with ordinary screws, that it is found by experience that less surface of 
blade is required to produce an equally efficient result, than with the ordinary screw. 

When this propeller was first introduced by Mr. Griffiths, it was expected that much advantage 
would result from an arrangement in its construction, whereby the "pitch" or angle of the blades 
could be increased or diminished, or even " feathered " during the voyage, and whilst at sea, with 
facility, to suit the varying exigencies of sea-going steam-vessels, in regard to wind and 
weather. 

Experience, however, obtained from many experiments, and careful observation, has shown 
conclusively, that the risk of derangement incident to the machinery requisite for this purpose, 
is too great to admit of practically useful results ; also, that the advantages anticipated by such 
an arrangement are not practically realized. 

It should be borne in mind, that this propeller is not the result of "mere theorizing, but of exten- 
sive experiments of great number and variety ; not upon models only, but with screws of prac- 
tical size, and applied to vessels in actual service, and extending over a period of several 
years. Its advantages, as set forth, 2^vq proven and established by actual use on a large number 
of vessels in Europe. It has, as yet, been applied to but few vessels in this country, and its 
peculiarities and advantages are here but little known ; but there is no doubt that ample trials 
will soon place it here in advance of all other propellers, as it has already done in Great 
Britain. 
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ADYANTAGES. 

1st. Increased speed of vessel, relative to tlie power employed. 

This lias been proved in so many trials tliat liave taken place witli tliis screw against others, 
both in experiments made by the British Admiralty, and by private parties, that it is unnecessary 
to do more than allude to the results as fairly establishing its superiority for speed. 

A great saving of power is effected by this propeller, because its central portion is filled up by 
a sphere, whereas other screws have their centres made as small as the necessary strength will 
permit ; their blades, consequently, at the part near the hub, are nearly at right angles with the 
plane of revolution, and much power is, therefore, lost by driving the water outwards instead of 
astern^ thus seriously disturbing the water upon which the more effective portion of the blades 
operates. 

A screw-propeller is a rotating /(:<^?^, which drives the water through its disc, and whether the 
vessel is moored or under weigh, that column passes through in proportion to the power exerted 
upon it; therefore, when any portion of the water is moved in any other direction than 
fairly astern, power is ahsorhed without giving out a corresponding useful effect in the propulsion 
of the vessel. 

2nd. Less vibration of the vessel. 

The tremulous motions, and disagreeable and injurious vibrations which are almost invariably 
observed in vessels fitted w^ith the ordinary screw, and more particularly at the stern of such 
vessels, are so completely removed by the use of the Griffith propeller, as scarcely to excite 
attention. 

This small vibration is the result of the combination of the central sphere — which dissipates the 
action of the blades at right angles with the line of propulsion — with the form of the propeller 
blades, which, by their diminished length and increased clearance as they approach the periphery, 
where the rotative velocity is greatest, aids in producing the desirable result. 

That the vibration alluded to is not merely unpleasant to passengers and crew, but decidedly 
injiirious and destructive to the whole framework of the vessel, is sufficiently established by the 
results produced upon iron-built steamers, where, as is well-known, it becomes frequently neces- 
sary to rivet and fasten anew all the after-end of the vessel near the propeller, in consequence 
of the whole having become loosened by the incessant vibrations produced by the ordinary 
screw. 

The same destructive action is, without doubt, constantly going forward on board wood-built 
vessels ; but, by reason of the greater elasticity of the wood over the iron, the evil results are not 
so soon developed or so readily discovered. 

3rd. The facilities for ascertaining the " best pitch" to suit the vessels and engines to which it 
is fitted. 

Up to the present time, no correct a priori rule has been laid down by which the "best pitch" 
(that is, that pitch which, best fulfills all the requirements of the vessel and her machinery) can be 
ascertained, and it is very doubtful if this will ever be accomplished. 

The present practice of engineers is, to make propellers of such a pitch as, from precedent and 
experience, they are led iohelieve will hold their engines at the required speed. 

Should the result, on trial, prove satisfactory, the screw remains ; but if this fortunate issue is 
not obtained, other screws are tried, of different pitches, or amount of surface, until the desired 
result is obtained* 
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This is a very tedious and empensive. process, wMcli, in many cases, cannot "be resorted to, in con- 
sequence of the necessary delay to the vessel ; and there is no donbt, that many screw steam-ves- 
sels have been running for years nnder the disadvantage of an improperly-constructed propeller, 
at a clear loss of speed to the vessel and of economy to the owners. 

Experience of many years in adapting the screw propeller to vessels of varied models and 
dimensions, lias shown conclusively, tliat notliing sliovt of actual. t/)'ial of different pitclies can 
determine the " best pitch " for a propeller in each particular case. 

The points to be considered in reference to this question are so numerous and complicated in 
tlieir bearings upon each other, as to defy reliable previous calculations of their effects. For in- 
stance, the quantity of power employed, relative to the 6*'^'^^ of the ^vessel and of the screio^ the 
mode\ or form^ of the vessel below water, particularly at its after-end, all influence the results 
obtained by screw pi^opulsion, and these results in practice often vary so much from what pre- 
vious experience in the trials of other vessels would lead us to suppose, that actual trial of dif- 
ferent pitches for each, particular vessel is the only means of arriving at the best results. 

As an instance of this difference : Two vessels of the British Wavy were fitted with, engines 
of the same power, and with screws exactly similar to each other; one vessel, however, hdidifuU 
after-body lines, whilst the other was finer in form, or, in other words, had a sharper and finei* 
stern. On the trial, tlie engines of the former made 54 revolutions, and those of the latter 75 
revolutions, per minute. 

The speed of the former was, 6.3 knots per hour, and of the latter, Y.8 knots per hour. 
In another case, a screw steamer was originally built with a fine stern — ^^on trial, the engines 
made 32 revolutions per minute, and the vessel had a speed of 9.1 knots per hour. 

As an experiment, the stern was then filled out, so as to give what would be called a very full 
stern ; the result, upon trial, was, that the engines made 24 revolutions per miute, and the vessel 
had a speed of 3.25 knots per hour. 

K portion of the filling at the stern was then taken off, and another trial made, when the en- 
gines made 26.5 revolutions per minute, and the vessel had a speed of 5.75 knots per hour. 

The wliole of the filling was then removed, and another trial made, when the vessel attained 
tke original speed of 9.1 knots per hour. 

An instance has also occurred in which an increased speed of one hnot per lionr was ob- 
tained by reducing the pitch, of tke screw, although the speed of the engines remained the same 
as before. 

These anomalies may be attributed ckiefly to the difference which exists in almost all vessels in 
the amount and velocity of the back water, or eddy^ following the vessel — ^which must largely 
influence the efficiency of the propeller working in it ; and hence the necessity of using a pro- 
peller which can have its pitch adjusted, to suit these varying circumstances. 

With the " Griffith " screw^, the pitch can be altered, either when the vessel is in dry dock 
or beached, or even when afloat in many cases, by the use of a diving dress, or by weighing 
the vessel down forward and lightening aft ; and where tlae propeller is arranged to lift in a 
well, as in many naval steamers, this change of pitch is readily effected, wlien afloat, and even when 
at sea, without in any manner disturbing the cargo or stowage of the vessel. 

4th. "No spare screw need be carried by a vessel fitted with '' Griffith's " propeller, as the central 
sphere is never destroyed or injured, and spare blades only are necessary, which are compara- 
tively readily handled and conveniently stowed. 

When an ordinary screw is broken, the vessel must be docked, or beached, to replace it, and 
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the whole instrument is useless, and of no value, except as old material; but with the 
" Griffith " screw, if one of the blades is broken, it is replaced in but a fraction of time required 
to fit a new pvopeUer^ and it is frequently done with the vessel afloat. 

In this case, instead of the ^oliole propeller being condemned and thrown aside as old material, 
only the broken blade is thus thrown away — the value of which is, probably, not more than one- 
fourth the total value of the propeller. 

5th. The "Griffith" propeller possesses advantages over the common screw, which render it 
peculiarly applicable to auxiliary steam navigation. 

The resistance which an ordinary screw occasions, when the vessel to which it is attached is 
under canvas only, and the serious difficulty which is experienced in steering and manoeuvring 
the vessel, are well-known facts : the resistance to the vessel's progress is variously estimated at 
from one to three knots per hour. 

There have been tliree remedies devised for these evils : 1st. To hoist the screw out of water, 
2nd. To feather the screw; and 3rd. To adopt the '' Griffith "propeller. 

The first-named remedy has been largely adopted for war-steamers, because it is desired that 
they shall be essentially and primarily sailing vessels — the steam power being merely auxiliary, 
and to be used only when the sails cannot be depended upon to accomplish the purpose 
desired. 

The great number of men attached to vessels of war, enables them to accomplish the raising 
and lowering of a propeller on board such vessels within a comparatively short period of time ; 
and, therefore, this mode of overcoming the evils of a common fixed screw is not open to one of 
the objections to adopting it on merchant steamers. 

The other objections to hoisting the screvf, apply with equal force to both war and merchant 
steamers. They are : 1st. Great increase of weight upon overhanging and unsupported portions 
of the stern, combined with decreased strength of the stern frame, in consequence of the well, or 
hole, for hoisting the propeller, being cut vertically through the whole of that frame. 2nd. Very 
large additional cost for the frame, slides, cross-heads, pulleys, &c., necessary for a lioisting pro- 
peller. 3rd. The power of control of the rudder over the movements of the vessel, is very 
greatly reduced when the propeller is hoisted^ in consequence of the large opening left in the dead 
wood, through which the currents from the two sides of the ship meet and counteract each other, 
instead of acting directly upon the rudder, thus increasing its efficiency. 

The feathering screw was first brought into practical use about six or seven years ago, when 
the entire fleet of an English company — eight or ten vessels — were fitted with them. 

As they were brass screws, and mad.e by a most eminent engineering firm, we may conclude 
that no time or expense was spared to render them perfect feathering screws ; but the results 
obtained from their use has not encouraged the owners of other vessels to adopt this plan. 

It would appear, on the contrary, that the examples thus oftered have deterred others from 
adopting it ; and we believe that two of the smaller vessels referred to, have had a common fixed 
screw substituted for their former feathering propeller. 

As stated above (see page 140), ^experience with screws having shifting or feathering 
blades, has shown that the risk of derangement incident to the machinery required for this 
purpose, is too great to admit of practical success ; and the small number of steamers which 
have been fitted with the feathering screw, would seem to indicate that this is also the 
general opinion. 

"When the "Griffith" propeller (with two blades) is fitted to a steam-vessel, her engines can 
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he stopped in such a position tliat tte blades are perfectly vertical, and locked in that posi- 
tion, when it will be found that their resistance to the vessel's sailing is scarcely appreciable, 
and that the power, or control^ of tlie rudder over the vessel's movements is not at all 
affected. 

Similar results are obtained when the screw is disconnected from the engines, and permit- 
ted to revolve freely ; and, no doubt, in some vessels, rather less resistance would be offered 
in this way, than by locking the blades in a vertical position; but not in all vessels, as cases 
have been reported where the experiment has been tried, to ascertain in which the least re- 
sistance was presented to the vessel's progress, and no advantage was found either in sailing 
or steering from disconnecting their propeller — ^which cannot be said of the ordinary screw. 

Experiments have also lately been made with the " Griffith " propeller, fitted in the hoist- 
ing-frame of a wood-built steamer, and it was found, from repeated trials, that less ' resistance 
to her sailing was experienced when the screw was in its place in the water, and the blades 
locked vertically, than when it was hoisted out of tlie %Datei\ 

The stern frame of the vessel being thick — as it was of wood — nearly covered the screw 
blades, and from the aperture being filled when the screw was in its proper position, and the 
blades fixed vertically, there was less resistance than when it was hoisted, and the aperture 
left open to the conflicting currents of water. 

6th. Another advantage possessed by the " Griffith " screw is, that when the ship is opposed 
to strong head winds, with rough sea, and pitching heavily, she will make better progress, and 
the engines will race less, with the " Griffith " than with the common screw, because the chief pro- 
pelling surface of blade of the '' Griffith " screw is about midway of the radius of the screw, 
and is not, by pitching, thrown out of water ; but, in the common propeller, the chief pro- 
pelling surface of blade is near the periphery, which is the part first thrown out of water, and 
left by the sea, and when this occurs, the engines are relieved of a large proportion of their 
resistance, and run off^ or race^ very badly, in consequence of the relief, and not unfrequently 
to such an extent, as to cause serious derangement, and sometimes the breaMng doion of the 
engines. 

Experience has shown, that, under such circumstances, with the " Griffith " propeller much less 
attention is required to guard d^gmi^t racing^ than with the common screw. 
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THE OPERATION OF THE SOREW-PEOPELLER, WITH REFERENCE TO ITS SCIEN- 

TIPIO PRINCIPLES. 

RESISTAKCEOP FLUID. 

The scientific investigation of bodies in moving tlirougli a fluid, is still involved in mucli 
obscurity, from the want of independent research on the part of the various authors, who have 
undertaken the elucidation of the subject; and the mistakes incidental to the researches of Newton, 
and other eminent philosophers, have overrun various departments of physical science, and are 
now found most difficult of eradication. The circumstances in connection make it expedient to 
investigate the matter in a practical way, and to illustrate a few of the leading principles of 
Mechanics, from Bourne's Treatise on the Screw-Propeller, which relate to the question before us. 

Mechanical power is pressure acting through space ; and the amount of mechanical power 
developed by any combination is measurable by the amount of the pressure, multiplied by the 
amount of space through which the pressure acts. A pressure of 10 pounds acting through a 
space of 1 foot, represents the same amount of mechanical power as a pressure of 1 lb. acting 
through a space of 10 feet; and 10 lbs. gravitating through 1 foot, or 1 lb. gravitating through 
1 feet, represents ten times the amount of mechanical power due to the gravitation of 1 lb, 
through 1 foot. 

In the same way, 1000 lbs. gravitating through 1 foot, is equivalent to 1 lb. gravitating 
through 1000 feet ; and in general terms, the weight or pressure, multiplied by the space through 
which it acts, represents the power universally. If, therefore, a body falls freely through space 
by the operation of gravity, since it parts with none of its power during its descent, the whole 
power must be accumulated in the falling body in the shape of momentum ; and, at the instant 
of reaching the ground, the body must have such an amount of mechanical power stored up in 
it as would suffice to carry it up again to the position from which it fell, if the power were 
directed to the accomplishment of that object. The amount of mechanical power, therefore, in 
any moving body, is measurable by the w^ eight of the body, multiplied by the space through 
which it must have fallen by gravity, to acquire the velocity it possesses ; and this fundamental 
law, if distinctly apprehended, and kept constantly in recollection, will ensure exemption from 
the fallacies which prevail so generally among authors in reference to such subjects. In New- 
ton's " Second Law of Motion," it is maintained that " the change or alteration of motion 
produced in* a body by the action of any external force, is always proportional to that force," 
from whence it is inferred, that to produce twice the quantity of motion in a body, will 
requ.ire just twice the power ; and this is the doctrine maintained by Robison, in his " Mechan- 
ical Philosophy," and by Hutton, GregorjT-^ and most other English authors, who have under- 
taken to illustrate such questions. Nevertheless, there is no doubt whatever that this doctrine 
is altogether erroneous, as was shown by Leibnitz at the time of its promulgation; and sub- 
sequently by Smeaton, who, by a series of carefully executed experiments, proved very clearly 
that to double the velocity of a moving body, it required four times the amount of mechanical 
power that was necessary to put it into motion at first; and consequently, that the momentum 
of moving bodies of the same weight varies as the squares of their respective velocities. The 
soundness of this conclusion, is made manifest by a reference to the law of falling bodies, by 
which it will be found that it is necessary a body should fall through four times the height 

19 
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to double its ultimate speed ; nine times the height, to treble its nltimate speed, and so on ; 
showing that the height, and therefore the power exerted in creating the motion, must be 
as the square of the ultimate speed ; and consequently, that the ultimate velocities of all falling 
bodies will be as the square roots of the heights from which they have respectively descended. 
In the case of two bodies of equal weight, therefore, moving in space, but of which one moves 
with twice the velocity of the other, the faster will have four times the amount of mechanical 
power stored up in it that is possessed by the slower ; for it must have fallen from four times 
the height, to acquire its doubled velocity; and the relative quantities of power capable of being 
exerted by bodies of the same weight, are measurable in all cases by the spaces through which 
the weight or pressure acts. A cannon ball moving with a velocity of 2000 feet a second, has 
four times the momentum of a cannon ball of equal weight, moving with a velocity of 1000 feet 
a second ; and every particle of a stream of water moving -with a velocity of 10 miles an hour^ 
has four times the momentum of every particle of a stream of water moving with a velocity of 
5 miles an hour. Every particle of the faster stream, therefore, will exert four times the effect 
in impelling any body on which it impinges, that is exerted by every particle of the slower 
stream. But in the faster stream, not only will every particle impinge with four times the 
force, but there will be twice the number of particles impinging in a given time, and a 
quadrupled force for each particle ; and twice the number of particles striking in a given time, 
gives an effect eight times greater, in a given time, with a doubled velocity of the stream. 
Accordingly, it is found, that in water or wind mill, when the velocity of the current is doubled, 
the power exerted is about eight times greater than before ; and it is also found that a steam- 
vessel, to realize a double velocity, requires about eight times the amount of power ; but these 
results, it is obvious, have reference, not merely to the increased velocity of the particles of 
matter, but to the large number of them brought into operation; and any given quantity 
of water, if flowing with a doubled velocity, would only exert four times the power exerted 
before. In the same manner, a steam-vessel, to accomplish any given voyage in half the time, 
would require four times the quantity of coal previously consumed ; for although eight times 
the quantity of coal would be consumed per hour, yet only half the number of hours would 
be occupied in accomplishing the distance. The number of particles of water to be displaced 
by a vessel in performing any given voyage, is the same, whatever the velocity of the vessel 
may be ; but the number of particles displaced in the hour differs with every different velocity, 
and the power expended must consequently vary in a corresponding proportion. It may hence 
be asserted, generally, that the power or dimension of engine necessary to propel a vessel, 
increases nearly as the cube of the velocity required to be attained ; but the consumption of fuel 
will only increase in about the ratio of the square of the velocity, looking to the number of miles 
of distance actually performed by a steamship. 

It will be very important, to compare with these doctrines the following statements of the 
most eminent authors who , have treated of Theoretical Mechanics. Robison, in his "Treatise 
on Mechanical Philosophy," V^ol. II, page 269, gives the following, as the fundamehtal proposition 
of the doctrine of the reSs&^^ "The resistances and (by the third law of motion) 

the impulsions of .fluids on similar bodiep, are proportional to the surfaces of solid bodies, 
to thS densities of the flui^^^^ and to the squares of the velocities jointly," In TredgokVs 
work on the Steam-engine, there is an Appendix on Paddle-wheels, by Mr. Mbrnay, where 
the same doctrines are propounded. At page 122, Mr. Mornay writes as follows: "In order 
to be able to calculate tlie absolute amount of power required to produce a given effect, it 
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is necessary to be acquainted with tlie laws wMcli govern the resistance of fluids to the 
motion of solid bodies in them, which are generally admitted to be based on the following 
theorem: "If a plain surface move at a given velocity through a fluid at rest, in a direction 
perpendicular to itself, the resistance is proportional to the density of the fluid, and to the 
square of the velocity of the plane." He adds, "It is assumed that the resistance to a plane 
moving in a fluid at rest, is equal to the pressure of the fluid on the plane at rest, the fluid 
moving at the same velocity and in the contrary direction to that of the plane in the former 
case; on which hypothesis, the ratio of the square of the velocity is explained in two very 
different ways. The first is, that 'the resistance must vary as the number of particles which 
strike the plane in a given time, multiplied into the force of each against the plkne; but 
both the number and force are as the velocity, and consequently, the resistance is as the 
square of the velocity.' The second explanation is, that the force of the fluid in motion must 
be equal to the weight or pressure which generates that motion, which, it is known, is equal 
to the weight of a column of the fluid whose base is equal to the area of the surface, and 
altitude the height through which a body must fall to acquire the given velocity.''' These 
explanations, Mr. Mornay adds, are extracted from Dr. Gregory's "Treatise oil Mechanics ; " and 
in the works of Hutton, and most other English writers on Theoretical Mechanics, similar state- 
ments are to be found: yet it is quite certain that they are altogether erroneous, and their 
original promulgation is traceable to the accident of the mechanical force resident in moving 
bodies, having been set down by Newton as measurable by the velocity, instead of by the square 
of the velocity, as is now known to be the case. If, therefore, the assistance varies as the number 
of the particles multiplied by the force of each particle, it must vary as the cube of the velocity; 
for the number of particles varies as the velocity, and the force of each particle varies as the 
square of the velocity; and the velocity multiplied by the square of the velocity, is obviously 
the cube of the velocity. It consequently cannot be true that the impact of a fluid in motion 
will produce a pi'essure only equal to that due to the head of fluid that will produce the motion, 
as was long perceived by Daniel Bernouilli. For, as water issuing from a reservoir has the same 
velocity as any heavy body would acquire by falling freely from the level of the surface of water 
in the reservoir to the level of the issuing stream, and as, by the laws of falling bodies, the ultimate 
velocity of a falling body is just double its mean velocity, it is clear that a jet issuing horizontally, 
after having acquired the ultimate velocity due to the head, will pass through a distance equal 
to twice the distance that a body would pass through in descending from the level of the water- 
surface to the level of the orifice. Hence, Bernouilli inferred that the accumulated hydraulic 
pressure by which a vein of heavy fluid is forced out through an orifice in the side or bottom 
of a vessel, is equal to the weight of a column of the fluid, having for its base the section of 
the vein, and for its height twice the fall productive, of the velocity of efllux. 

Bernouilli's theory was adopted and still further developed by Euler, who gives a formula 
for ascertaining the percussive effect of a jet of water on a plate, which is as follows : 

Let i^ = force of impact in permanent percussion. 

a = area of vein. 

H — height due to actual velocity of reflected water. 
* = angle of reflected water to axis. 

Then, B - 2^ij(l ^ -^ cos *) = 
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Morosi and Biclone's experiments lend material confirmation to the doctrines of Bernouilli and 
Enler on this subject. Enler says, that the theoretical valne of the percussion of a fluid vein 
may increase until it is equal to the weight of a fluid column of the same base as the section of 
the vein, and of a height four times greater than that due to the velocity of the vein. Bidone 
found that the sudden shock of a jet upon a plate is to the force of the jet, when permanent, as 
1.84 to 1 ; but this effect may, perhaps, be in some measure attributed to the momentum acquired 
by the parts of the instrument by which the percussive force was measured. Colonel Beaufay 
has made experiments for ascertaining the resistance of bodies moving through water, from the 
results of which it appears that at low speeds, such as two knots an hour, the weight necessary 
to draw the body varies as the' square of the velocity ; the weight necessary to overcome 
the friction of a body moving in water appears to vary as about the. l*7th power of the 
velocity; but the proportion appears to diminish slightly with an increase of speed. The 
friction upon a square foot of plank, moving through the water in the manner of the bottom 
of a ship, was found to be equal to a weight of 0.14 lbs., with a velocity of one nautical 
mile an hour; or, in other words, it would require a weight of -014 lbs. acting on a string 
passing over a pulley, to overcome the friction of a square foot of plank, when passing through 
the water at a velocity of one nautical mile per hour. At a speed of two nautical miles 
per hour, the friction was found to be equal to a weight of -0472 lbs.; three miles an hour, 
.0948 lbs.; four miles an hour, 463 lbs.; five miles an hour, -2264 lbs. ; six miles an hour, -3086 
lbs. ; seven miles an hour, -4002 lbs. ; eight miles an hour, -5008 lbs. ; and by carrying the law 
up to thirteen nautical miles per hour, the weight necessary to overcome the friction varies as 
the 1-823 power of the velocity. At eight nautical miles per hour, the weight necessary to 
overcome the friction varies as the 1-713 power of the velocity. 

In general, it may be asserted that the weight necessary to draw any* body through the 
water varies nearly as the square of the velocity; but the distance through which the weight 
descends varies also as the velocity, so that the power expended in any given time, varies 
nearly as the cube of the velocity. Whatever doctrines relative to fluid resistance may be 
eventually adopted, it is at least certain that in the case of ordinary vessels and ordinary 
velocities, the power necessary to accomplish any particular speed which may be prescribed, 
is ascertainable hy the equation 

— — - = lioree-power^ 

where S is the speed in miles per hour, A the immerged sectional area of the vessel in square 
feet, and G a certain number, or coefficient, which varies with the form and also with the size 
of vessel employed. 

This coefficient^ as set down in the table^ is obtained by multiplying the cube of the speedy in 
nautical miles per hour^ by the immerged midship section of the vessel in sguare feet^ and 
dividing by the indicated horse-power of the engine ; and a number is thus obtained^ by the 
aid of which the power necessary to accomplish other speeds^ with a similar size and form of 
\ul\ may be approximately found. 

(speed)^ X midship section ^, re . ^ 

^^-^^ -, — ^-^ ^ = the coeincient ; 

nommal horse-power 

(speed)^ X midship section ,, ^ . 

or, . -..' -pi — — the coemcient. 

mdicated horse-power 
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If a steam-vessel be tied at the stern, and the engines be then set into revolution, their velocity 
will go on increasing nntil the resistance at the centre of pressure of the paddle wheels just 
balances the pressure on the piston— the centre of pressure being a point in the depth of 
every float at which the pressure above and below it is the same, or at which the aggregate 
pressure may be supposed to be collected. Now, as the resistance at the centje of pressure 
must just balance the pressure upon the piston, it follows that the pressure urging forward 
the vessel will be the same, whether the vessel is at rest or in motion, supposing always that 
the engines are adequately supplied with steam; and the resistance created at the centre of 
pressure will be the same, whether the paddle-floats are large or small — only, if they be small, 
a greater velocity of revolution will be necessary to create the resistance requisite to balance the 
pressure upon the pistons, and a large consumption of steam will be occasioned, without any coun- 
tervailing advantage. If, however, the wheel be diminished in size, the pressure upon every paddle- 
float will be increased, for a larger resisting area will then be necessary to balance the pressure upon 
the pistons, in consequence of the diminished length of leverage acting against that area ; and when 
a small diameter of wheel is employed, rather a large area of float is necessary, or else the centre of 
pressure will pass with a greater velocity through the water, which is tantamount to saying that the 
slip will be increased. In the case of the screw similar results will be found to ensue. Setting 
aside the loss of power occasioned by the friction of the screw when revolving in the water, and the 
resistance occasioned by its cutting edge, it will be obvious that, with any given pitch, the forward 
thrust of the screw-shaft will be the same, whatever the area of the screw-disc may be, for the 
velocity of rotation will go on increasing until the resistance which the screw encounters balances 
the pressure on the pistons ; and if the pressure on the pistons be considerable, so will be 
the thrusting or pushing-force of the screw. If the screw, however, be of inadequate dimen- 
sions, then the velocity of its rotation will be much greater than what answers to the speed 
of the vessel, and there will be a larger consumption of steam by the engine than would be 
necessary, if the screw were of larger size. It is hence obvious that a very small diameter of 
screw, relatively with the midship section, or with the resistance to be overcome, is inadvisable, 
just as a small area of float-board is inadvisable in the case of a paddle-wheel. To diminish 
the pitch of a screw is tantamount to a diminution of the diameter of a paddle-wheel; but, 
unlike the paddle, the propelling area may be made too large ; and this point will be attained 
when the friction consequent upon the increased diameter, the resistance arising from the 
extension of the cutting edge, and other analogous sources of loss, more than balance the loss 
arising from the slip. Prom some experiments which were made by Mr. Brunei, at Bristol, 
in 1840, with half a disc of metal, 6 feet 9 inches diameter, set on a shaft revolving in water, it 
appears that it took 6-4 horses power, by the indicator, to give the shaft a velocity of 101 revolu- 
tions per minute, when the semi-disc revolved in air without the contact of water ; and that it 
took 9 horses power by the indicator to give the shaft a velocity of 100 revolutions per minute, 
when the semi-disc revolved in water. Hence it was inferred, that the resistance to the semi-disc 
which a screw with an equal amount of surface, and an equal length of cutting edge, suffers from 
the water at a speed of 100 revolutions per minute, will be overcome by about 3 horses power 
of the engine. This is equivalent to a weight of about 66 lbs. at the end of the arm, or at the 
circumference of the disc,- hindering its revolution; for 6 feet 9 inches, or 6-76 feet 

5-76 feet x' 3-146 x 100 = 1806-42 feet per minute, and 3 times 33000 lbs.; or, 
99000 lbs. T 1806*42 ^ 55 lbs. very nearly. 
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In steam- vessels of the usual form, and with the ordinary rates of speed, the resistance of the 
vessel, or what comes to the same thing, the amount of thrust, necessary to be imparted by the 
paddle or screw-shaft, increases very nearly as the square of the velocity ; and as in order to 
communicate twice the velocity to the vessel, the engines must not merely be able to work 
against four times the load, but must also move with twice their previous speed.- Contrary- 
wise, if the engine-power of a vessel be increased, while her immersion and other elements 
remain without alteration, her speed will be increased in the proportion of the cube root of 
the increased power. If, therefore, the engine-power of a given vessel be doubled, her speed 
will be increased in the proportion of the cube root of 1 to the cube root of 2 ; or, in other 
words, in the proportion of 1 to 1*26. If the original speed of the vessel, therefore, were 
10 knots an hour, the effect of doubling the power would be to raise the speed to 124 knots an 
hour. While, however, this result may be confidently expected in the case of such speeds as 
10 or 12 miles per hour, it does not follow that the law will apply in the case of such speeds as 
18 or 20 miles an hour, supposing the same form of vessel to be retained. Indeed, it is well 
known that at high velocities, the resistance of any given vessel increases in a higher ratio than 
the square of the speed. The main cause of this accelerated increase in the resistance, in the 
case of high speeds, is traceable to the inability of the water to close in at the stern of the vessel 
with sufficient rapidity to impart its proper pressure thereto ; and in addition, therefore, to the 
ordinary resistances, the vessel has under circumstances to encounter the hydrostatic pressure due 
to the deficient gravitation of the water against the stern. At high speeds it is consequently 
indispensable to make the stern very fine, else the vessel, in passing through the water, may 
leave a vacant space behind her, and the resistance will be enormously increased thereby. Each 
different speed, indeed, has a corresponding form of vessel, which will make the resistance a 
minimum, A vessel with any given amount of power, and with any given displacement, may be 
sharpened so much, that an additional sharpening would increase the resistance by increasing the 
friction of the bottom in a greater ratio than the bow and stern resistances were diminished. 
And when by adopting such an amount of sharpness as gives the best result, the total resistance 
is brought to a minimum for one particular amount of power, it will be found that a further 
sharpening is necessary to make the resistance a minimum for an increased amount of power. 
In practice, cases have occurred where a vessel has been made too sharp, since with the same 
engine-power, placed in a blunter vessel, a better speed was obtained; but with an increased 
power the sharper vessel would have afforded the best result. 

In considering the amount of power necessary to be given to a screw-vessel, to propel her 
through the water with any given velocity, it is necessary first to settle the type of vessel, and 
next her size. When these points are determined, it will be easy, by selecting from any screw- 
vessel of the shape most nearly resembling that of the intended vessel, to tell the amount of 
power necessary to propel that vessel at any given speed, on the supposition that the two are of 
the same size. The coefficient of performance of the vessel which the new vessel resembles, will 
be found, as heretof(Tre stated ; and the number of horse-power necessary to accomplish any differ- 
ent speed, either of this vessel or of the new vessel, may be ascertained by multiplying the cube 
of the intended speed by the number of square feet of immersed section, and dividing by the 
coefficient proper for this particular case. The result thus obtained, however, supposes that the 
new vessel is of the same size as the similar vessel ; but if she be smaller than the model vessel, 
the speed will be less, and if she be larger, the speed will be more in the proportion of the square 
roots of the length, or some other linear dimension of the tw o vessels. 
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If jS be tlie speed of tlie vessel in knofe, A the area of tlie immersed midsMp section in 
square feet, O a numerical coefficient, varying with tlie form df vessel, and \P tlie indicated 
horse-power, then 

By means of these equations, therefore, the power P^ necessary for the accomplishment of any 
prescribed speed, and the speed, /S^ which will be realized by the application of any givfen 
power, may be approximately determined. 

If the new speed be higher than the old, however, then the actual speed will be somewhat 
less than the theoretical speed as thus ascertained, since this rule proceeds upon the assumption 
that the resistance varies as the square of the speeed ; whereas in the case of vessels of a moderate 
sharpness, the resistance varies in a somewhat higher ratio than the square of the speed. 



CONFIGUEATION AND FROPOETIONS OF THE SCREW-PROPELLER. 

FOEM AI^B PITCH OF SCREW-t»KOPELLEE. 

The screw-propeller, as now commonly applied to the propulsion of vessels, consists of two or 
three helical or twisted blades set upon a shaft or axis, revolving beneath the water ^t the stern. 
The shaft where it protrudes through the stern of the vessel is surroutoded 'by a stuffing box, 
containing hemp-packing, whereby the entrance of the water into 'the vessel is pi'evented, and 
the extremity of the shaft in the rear of the screw is supported in a socket or bearing attached 
to the rudder-post. This part rests upon the keel, and from it the rudder is suspended. The screw 
revolves in that thin part of the stern of the ship, which is called the dead wood, in which a hole 
of suitable dimensions is cut for its reception; and the thrust or forward pressure caused by the 
action of the screw upon the water is transmitted to some point within the vessel which can be 
amply lubricated. The most perfect lubrication of this point is indispensable, to counteract 
the friction caused by the combined thrust and rotation of the shaft, and cases have occurred 
in practice in which the end of the shaft became white hot, even with a stream of water playing 
upon it, and actually welded itself to the steel plate against which it pressed. It is the thrust of 
the shaft which is operative in propelling the vessel, and the amount of this thrust can be 
measured by means of a dynamometer, applied to the end of the shaft within the vessel. The 
diameter of the screw is the diameter of the circle described by the arms ; and the length of the 
screw is the length which the arms occupy upon the revolving shaft. If a string be wound 
spirally upon a cylinder, it will form a screw of one thread. If two strings- be wound upon a 
cylinder with equal spaces between them, they will form a screw of two threads. Three strings 
similarly wound will form a screw of three threads, and so of any other number. If instead of 
strings, flat blades be wound edgeways round the cylinder, and if each blade has one of its edges 
attached to the cylinder by welding, soldering, or otherwise, then if a slice be cut off the end of 
the cylinder, there will be only one piece of blade attached to that slice, if the screw be of one 
thread ; two pieces of blade, if the screw be of two threads ; three pieces of blade, if the screw be 
of three threads, and so of any number. The number of blades, therefore j of ahy screw 
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determines tlie number of threads of wMcli it is composed, and tMs indication equally holds, 
however thin the slice cut off the end of the screw may be. 

The pitch of a screw is the distance measured in the direction of the axis between any one 
thread, and the same thread at the point where it completes its next convolution. Thus, a spiral 
staircase is a single-threaded screw, and the pitch of such a screw is the vertical distance from 
any one step to the step immediately overhead. Ordinary screw propellers are not made nearly 
so long as what answers to a whole convolution ; and in speaking of their pitch, therefore, it is 
necessary to imagine the screw to be continued through a whole convolution at the same angle 
of inclination with which it, was begun. Of this whole convolution any given proportion may be 
employed as a propeller, and the length of a screw, therefore, cannot be determined from the 
pitch, neither can the pitch be determined from the length. 

The form of a screw most frequently employed in this country is a screw of two blades or 
threads, sometimes three and four blades are used. The pitch of the screw is not made less than 
its diameter, sometimes made near twice the diameter, and in some instances made over twice the 
diameter of the screw. The length of the screw is usually made equal to one sixth of the pitch. 
The thrusting of the screw is measured by the area of the circle described by the arms, which 
is termed the area of the screw-disc. The screw-disc has generally about 1 square foot of area 
for every 2^ or 3 square feet in the immersed transverse-section of the vessel. Thus, a vessel 
with 226 square feet of immersed section will have a screw of such diameter, that the disc will 
have an area of about 75-^ square feet. This answers to a diameter of screw of 10 feet. The 
pitch of such a screw should be about 11 feet, and the length of the screw about 1 foot 10 inches. 
These proportions are those propfer for screws with two plates fitted to vessels of 800 or 1000 
tons ; but they will also apply to screws with three blades ; and with small vessels a larger 
screw in proportion should be employed. 

liTEOATIVE SLIP OP THE SOEEW. 

By " slip" it will be recollected, is meant the difference between the actual advance of the pro- 
peller through the water, and the advance which would be accomplished, if there were no reces- 
sion of the water produced by the pressure of the propelling surface. 

A screw of 10 feet, if working in a stationary nut, would advance 10 feet for every revolution 
it performed ; but, when such a screw acts in the water, it may only advance 9 feet or less for 
every revolution — the water being, during the same time, pressed back 1 foot, from its inertia 
being inadequate to resist the moving force. In such a case, the slip is said to be 1 foot in 10, or 
10 per cent. With every kind of propeller which acts upon water, there must be a certain 
amount of slip ; for any force, however small, will overcome the inertia of the water to a certain 
extent ; but, by so proportioning the propelling apparatus that it will lay hold of a large 
quantity of water, the backward motion of the water will be small relatively with the forward 
motion of the vessel — or, in other words, the slip will be reduced to an inconsiderable amount. 

One of the most remarkable phenomena connected with the action of the screw is, that under 
some circumstances its apparent progress through the water is not only as great as that of the 
ship, but greater. In some of the early voyages of the " Archimedes," when the vessel was pro- 
ceeding under the joint action of steam and sails, it was found that the progress made by the 
vessel through the water was greater than if the screw worked in a solid nut. It was from hence 
mferred that the ship must be overrunning the screw ; yet that, it was also plain, could not bo 
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the case, as tlie engine was all tlie while well supplied with, steam, and had the usual load upon 
it. Tlie. eiigme \Yas, tlierefere, evidently driving something, and it was certain that the mere 
friction of the machinery and of the screw in the water could not consume all the pow^er^ There 
was also the usual thrust upon the screw-shaft; so that the screw, although moving slower than 
a patent log would do, if put over the stern, was nevertheless propelling the vessel, Shortly 
afterwards, the vessel was fitted with a number of different screws, by Mr„ Brunei, and it was 
ascertained that with some of these screws the vessel went faster without the aid of sails, than if 
the screw had been working in a solid nut. In various other vessels the same action has since 
been observed ; and if the pitch of the screw be made much less than the diameter of the screw, 
this action is very likely to follow. At first the phenomenon appeared so paradoxical as to be 
pronounced incredible ; but it is now known to be a fact ; and the action has been ascribed to 
the circumstance of the screw working in a column of water which follows the ship, instead of in 
the stationary water of the sea. 

V/hen a strong current of water runs through the arches of a bridge, the water may be 
observed to curl around those ends of the piers which stand lowest in the stream ; and if a chip 
of wood be thrown into that spot, it will not be carried of by the stream, but will remain at 
rest, showing that the water is not in motion in that place^ Now, if we suppose a screw to be 
placed in this stationary water, it will be obvious that any movement of rotation given to it will 
produce some thrust upon the screw-shaft ; whereas if the screw were placed in the stream, it 
would require to revolve faster than the stream runs, before any thrust upon the screw-shaft 
could be produced^ If, now, we suppose the pier to be a ship, the other circumstances we have 
specified will not be altered thereby ; and it is conceiveable that a screw acting in this dead 
water, might aid the vessel to stem the current, even though the screw moved with a less velocity 
than that of the current itself. That the screw will exert some reacting force upon this dead 
water, even with any speed of rotation, is obvious enough ; but whether with a speed inferior to 
that of the stream, it will produce a sufficient thrust to enable the vessel to stem the current, will 
depend very much upon the shape of the vessel and the dimensions of the screw employed. If 
the pitch be fine, and the number of revolutions answering to a given speed of vessel be great, 
there will be a tendency to pile up the water at the stern, owing to the adhesion of the 
water to the rapidly revolving blades, and the consequent acquisition of a considerable cen- 
trifugal force by the water. When this action occurs, the vessel will be forced forward, 
to some extent, by the hydrostatic pressure produced by the elevation of the water at the 
stern, and this pressure will aid the thrust of the screw. If, then, by such an arrangement, 
a vessel could be made to stem a current^ she could obviously, under like couditions, be made 
to move through still water. All vessels carry a current in their wake, which answers to 
the dead water in the case of the bridge ; and if the screw acts in this current, then the 
apparent slip will be positive or negative, just as the real slip, or the velocity of the current, 
may preponderate. In every case, the screw must have some slip relatively with the water in 
which it acts, but if that water has itself a forward motion, the result cannot be the same as if 
the water were stationary, and it will be necessary to reckon the forward motion of the current 
as well as the forward motion of the ship. Thus, if the real slip of the screw be three miles an 
hour, and the following current runs at the rate of three miles an hour after the ship, then there 
will appear to be no slip, if the comparison be made with the open ocean on each side of the 
vessel; or there will appear to be a negative slip, as it is termed, of one mile an hour, if the 
following current runs at the rate of four miles an hour. The whole perplexity vanishes, if we 

20 
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consider that a current follows the ship at a rate which may be either greater or less than the 
slip of the screw. This current is confined to the water very close to the ship, so that a log, 
whether of the ordinary or the patent kind, will not take cognizance of it if thrown over the 
stern. But if a patent log were to be set in the spot where the screw revolves, it would 
show the velocity with which the vessel leaves the current, and the real slip of the screw would 
then be ascertained. It appears not improbable, moreover, that the centrifugal action of the 
screw, besides piling up the water at the stern, and thus forcing the vessel on with a velocity 
which may be greater than that of the screw, also causes a current of water to flow radially 
from the centre of the screw to its circumference ; and this stream of water, by intervening 
between the surface of the screw and the nut of water in which it works, may assist in making 
the vessel travel faster than the screw itself. In all screw vessels, I believe the slip to be greater 
than it is commonly reckoned, for in all of them there is a following current in which the screw 
works ; and as, in some cases, the current conspires to make the apparent slip to disappear 
altogether, so it will, I believe, in every case, reduce the visible slip to a less amount than the 
real slip, and it is the real slip which it concerns us to determine. There is no benefit derived 
from the existence of a following current in screw vessels ; for to produce the current requires a 
large expenditure of power; and in screws so proportioned as to produce a negative slip, a 
worse performance has been obtained, than in cases in which screws producing an apparent slip 
of 10 to 20 per cent, have been employed. 



EXPERIMENTS ON SCREW-PROPELLERS, AND THE PRACTICAL RESULTS. 

A number of experiments have been made with the French steam vessel Pelican^ and their 
main object was to determine the relations which it is expedient to establish between the 
diameter, the pitch, the number of blades, and the length of a screw propeller. A subsequent 
series of experiments upon screws of larger diameter was made on board the same vessel in 
1849, and the results then obtained corroborated those which had been arrived at in the previous 
trials. These several trials were conducted by M. Bourgois, a lieutenant ia the French navy, and 
M. Moll, naval engineer; and in 1850, a committee of the French Institute, composed of MM. 
Arago, Dupin, Poncelet, Duperrey, and Morin, examined and reported favorably upon the results 
which had been thus obtained. The Pelican is a vessel of 120 nominal horse power, 131 feet 
long, 22 feet 4 inches wide, and the mean immerged midship section is 109|- square feet. The 
displacement of the vessel during the experiments was 268 tons. The engines consist of two 
vertical oscillating cylinders, with the necessary supplementary apparatus. The diameter of 
each cylinder is 44 inches, and the length of the stroke is 3Y.8 inches. The expansion valves 
were so adjusted as to be capable of cutting off the steam at 0.08, 0.15, 0.30, 0.50, O.YO, and 0.80 
of the stroke. The maximum pressure of the steam during the experiments did not exceed 15 
lbs. on the square inch above the pressure of the atmosphere. The total weight of the machi- 
nery of the Pelican^ including water in the boilers, was 80 tons. The diamter of the screws 
tried were 8 feet 2^ inches, 6 feet lOf- inches, and 5 feet 6 inches ; forming thus a geometrical 
progression, of which the ratio is 1.22. 

By comparing the speed of the vessel with the number of revolutions of the screw, the ad- 
vance of the vessel for each revolution of the screw becomes readily ascertainable, and the ratio 
of the excess of the pitch over this advance, constitutes a quantity, which MM. Bourgois and 
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Moll have termed the coefficient of slip. If the screw, instead of acting upon a fluid, worked in 
a stationary nnt, the coefficient of slip wond become nothing ; or if the screw were set into revo- 
lution when the vessel was at anchor, the coefficient of slip would become equal to 1. If, in like 
manner, a screw vessel in trying to stem a very strong head wind was driven bodily backward, 
the advance would become negative, and the coefficient of slip would become greater than unity. 
It is easy to conceive that the coefficient of slip is a quantity which must exercise a marked 
influence upon the efficiency of the vessel ; and MM. Bourgois and Moll, by taking the relative 
velocities for the abscissse of a curve, and the coefficients of slip for the ordinates, have shown 
that the coefficient of slip increases with the relative velocity, and that consequently the advance 
diminishes in like manner with this velocity. 

In the experiments made with the screw of 66 inches diameter, pitches were tried of 76.18 
inches, 92.95 inches, 113.38 inches, 128.3 inches, and 159.7 inches, a,nd with each of these pitches 
screws were tried of a length answering to the following fragments of the pitch, 0.300, 0.375, 
0.450, 0.600, and 0.750, making in all 30 series of experiments for this one diameter. To make 
the results accruing from these experiments more readily intelligible, they were laid down in a 
curve, in which the pitches were taken for abscissae, and the coefficients of slip for ordinates. 
This comparison was made both in the case of the experiments performed when the resistance 
of the hull was aggravated by the plane immerged in the water at the bow, and in the case of 
the hull when unobstructed by this addition ; and two series of curves were thus obtained, 
which showed very clearly that the coefficient of slip diminished with the pitch, and diminished 
also as the fraction of the pitch increased. In other words, it was thus made plain, what, indeed, 
had been known before, that there was less slip with a fine pitch, than with a coarse one, and less 
also when the screw was tolerably long, than when it was very short. The amount of slip, 
however, is not the only question to be considered in such a case, for the increased friction pro- 
duced by the expedients which diminish slip may more than compensate for the advantage 
gained ; and in another series of curves, in which the areas of the indicator diagrams were taken 
as the ordinates, the pitches being still the abscissae, it was found that the performance increased, 
both as the pitch diminished, and as the fraction of the pitch diminished. 

It appears from these, in common with other experiments upon the screw, that the slip 
increases the more the immerged area of the midship section exceeds that of the screw's disc. 
With a given midship section, it is, therefore, advisable to make the screw as large in diameter 
as possible, consistently with the observance of other conditions. Screws with two blades have 
a larger slip than screws of four blades constructed of the same length in the direction of the 
axis, and of the same pitch, and screws of six blades have about the same amount of slip as 
screws of four blades. As regards tjie mere question of slip^ therefore^ tlie screws witli four 
Uades appeared to he preferable to those with two hlades ; hut as regards efficiency^ the screws with 
two hlades appear to he equally effective. The increased slip with a screw of two hlades appears 
to he compensated hy its diminished friction. In employing screws of a larger and larger 
diameter relatively with the immerged area of midship section, the following consequences are 
found to ensue : 1st. The efficiency of the engine power in propelling the ship increases. 2d. The 
ratio of the pitch to the diameter, which produces a maximum effect, goes on increasing. 3d. 
It becomes proper to employ smaller and smaller fractions of the screw or of the total pitch. 
Thus, in the case of the Pelican^ when fitted with screws of four blades, and of the diameters 
of 98.42 inches and 66 inches, the results have been found to be in the ratio of 1 to .823. The 
most advantageous ratio of the pitch to the diameter was found to be 2.2 in the case of the 
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large screw, and 1.884 in tlie case of the smaU. Finally, the fraction of the pitch found to "be 
most advantageous was .281 in the case of the large screw, and .450 in the case of the small 
screw. These results show that there are no absolute proportions of screws which are properly 
applicable to all vessels alike, hut that the proportions and configuration must vary with 
the form of the vessel, with the draught of water, and with the amount of the engine power 
to he employed. Screws of two blades, in order that they may realize the same results as 
screws of four blades, should have a finer pitch, and screws of six blades appear to act very 
efficiently in the case of large diameters. According to these conditions, a vessel being given^ 
and the area of the midship section being known, so that the limit of the screw's diameter — - 
when taken as large as possible — ^is determined, the ratio of the square of the screw's diameter 
to the area of midship section becomes at once ascertainable. Multiplying this ratio by the co- 
eflSicient K of the resistance' of hull, and which MM. Bourgois and Moll take at the mean 
value of 13.23 lbs. avoirdupois per square metre, or 10.75 square feet English of immerged 
section, at the speed of one metre, or 3.28 feet per second, they obtain a product which 
they term the Relative Resistance^ because it expresses the relative resistances of the vessel 
and the screw ; and putting for abscissae the values of this quantity in the case of the Pelican^ 
and, successively, for ordinates the fractions of the pitch and the values of the ratio of the 
pitch to the diameter corresponding to the maximum performance, they have constructed 
curves from which they have deduced, for values equi-distant from the quantity which they 
have termed the relative resistance, the fraction of the pitch which should be employed, 
and also the proper proportion of the pitch to the diameter, in the case of screws with 
two, with four, and with vsix blades. They have next proceeded to classify the different 
vessels of the French navy according to the ratio of area of the immerged midship section 
to the square of the diameter of the screw, and they have thereon deduced the value of the 
relative resistance for those vessels, and have shown how to determine the pitch, and the 
fraction of the pitch proper to be employed in each particular case. For war vessels, which 
require to be capable of proceeding either under sails or under steam, they recommend 
the nse of screws with two blades. 



SIZE OF SCREW. 

We have to learn, so far as experiment is concerned, what increase in the immersion of a 
screw will be equivalent to a given enlargement of its diameter, and what alteration in the thrust 
is produced by a given alteration of the pitch. In the case of superficial screws, however — 
and these comprise most of the examples which occur in practice — the experiments of MM. 
Bourgois and Moll enable us, with any given diameter, to specify the best pitch and the best 
length of screw that can be employed, whether the screw is formed with two, four, or six blades. 
For, taking K as the resistance per square foot of immersed section, ^^ the area of immersed 
midship section in square feet, d the diameter of the screw in feet, and j? the pitch of the screw 

in feet, thenv/— ^ = c?, and d multiplied by the ratio of pitch to diameter given in the second 



column of the following table, will be equal to p. 
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TABLE OF THE PROPER PROPORTIONS OP SCREW-PROPELLERS. 





XJSTJAL 

relative resistances. 


ScKEWS OP Two Blades. 


SoEEws OP nToTJR Blades. 


ScKEws OP Six Blades. 


Class op Sokew-Yessel. 


Eatio of pitcli 
to diameter. 


^Fraction of 
pitch. 


Eatio of pitcli 
to diameter. 


Fraction of 
pitcli. 


Eatio of pitcli 
to diameter. 


Fraction of 
pitcli. 




K X 5.5 
Kx 6.0 
K X 4.5 
K X 4.0 
K X 3.5 
K X 3.0 
K X 2.5 
^X 2.0 
K X 1.5 


1.006 
1.069 
1.135 
1.205 
1.279 
1.367 
1.450 
1.560 
1.682 


0.454 
0.428 
0.402 
0.378 
0.365 
0.334 
0.313 
0.294 
0.276 


1.342 
1.425 
1.513 
1.607 
1.705 
1.810 
1.933 
2.080 
2.243 


0.454 
0.428 
0.402 
0.378 
0.365 
0.334 
0.313 
0.294 
0.276 


1.677 
1.771 
1.891 
2.009 
2.131 
2.262 
2.416 
2.600 
2.804 


0.794 
0.749 
708 






Auxiliary line-of-battle ship. 

Auxiliary frigate 

High-speed line-of-battle ship. 
High-speed frigate. . . . 
High-speed corvette. . . . 
Dispatch-boat. . . . . . 


0.661 
0.621 

0.585 
0.648 
0.616 
0.481 



Finally, 



p X fraction of pitcli 



= length of screw. 



number of blades 

It will be useful to illustrate this question by an example, and I shall take the case of a high- 
speed corvette, or screw steam packet, of full power. The same mode of procedure is applicable 
with any other class of vessels, and I shall take the dimensions in English measure. Referring 
to the table of the proper proportions of screw propellers, it will be seen that the rela- 
tive resistance of a high-speed corvette is K X 2 ; or, taking K as unity, the relative re- 
sistance may be put as equal to 2. Let the immerged midship section, or j&^, be 416.79 square 



feet ; then 



/ 



416.79 



= 14.43, which is the diameter of the screw in feet. Supposing a screw 



with four blades to be employed, then the ratio of pitch to diameter proper for a screw of that 
kind, when applied to a high-speed corvette, being by the foregoing table 2.080, we have for the 
proper pitch of the screw, 14.43 X 2.080 = 30.01 feet. The proper length of the screw being 
the pitch multiplied by the fraction of the pitch, and divided by the number of blades, and the 
proper fraction of pitch for a screw of this kind being by the table .294, we have 30.01 multiplied 
by .294, and divided by 4, which gives a length of 2.2047 feet. By a similar procedure there 
will be no difficulty in fixing, for any given class or size of screw vessel, the proportions of screw 
which will give a maximum performance, whether the screw selected be one of two, of four or 
six blades. The main difference which will be produced by increasing the number of blades, will 
be to diminish the speed of the engine ; for a coarse pitch is proper for a screw of many blades, 
and a coarse pitch involves a slow engine, in order that there may not be an injurious amount of 
slip. In cases, therefore, in which it is apprehended that the engine, if coupled immediately to 
the screw shaft, would move with an inconvenient velocity, there are two alternatives which 
present themselves whereby the velocity may be diminished. The one is the use of gearing ; the 
other is the employment of a screw of several blades and of a coarse pitch. The latter expedient 
appears to be the preferable one, except in cases in which the screw has to be drawn up through 
a trinik, and under those conditions screws of two blades must of course be employed. 

MM. Bourgois and Moll, describing the manner in which the experiments were made, and 
discussing fully the nature of the results which had been obtained, gave one of the most elaborate 
investigations of the action of the screw which has yet appeared, and upon the whole is considered 
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a safe and 1186^11 guide in practice, and it will be useful, therefore, to recapitulate here such of 
the leading topics of its information as maybe available for the more complete elucidation of the 
subject. 

The object, in experimenting upon the Pelican^ was to determine the specific efficiency of all 
kinds of screw propellers in vessels of every size, proceeding at every speed, and under all 
circumstances of wind and sea, to the end that the particular species of propeller most proper for 
a given vessel might be readily specified. It was also a leading object to determine the value of 
the revolving force that it was necessary to bring to act upon the screw-shaft to make the screw 
perform a determinate number of revolutions in a given time, supposing, of course, that the form 
of the vessel was known as well as the dimensions and form of the propeller ; or rather, having 
once determined the law of the revolving force in functions of the number of revolutions, to 
assign the value of the power consumed in a single revolution per unit of time, and the solution 
of this double problem evidently involves the elucidation of the question in all its generality. 

By the term utilization, or efficiency, is meant the ratio of useful effect to the power 
transmitted by the engine to the screw-shaft, or, in other words, it is the ratio of the engine 
power to the aggregate resistance, multiplied by the distance thfough which the vessel passes. 
This, therefore, is the same as the ratio of the indicator power to the dynamometer power. The 
value of this ratio, as has been seen by the experiments made with vessels to which a dynamo- 
meter has been applied, depends not merely on the proportions of the screw, but also on the 
size and form of the vessel, and upon the action of the winds and sea. 

By elementary resistances, are meant the resistances of two hulls per unit of speed, both 
brought into relation to the respective speeds of the two hulls; and in order to make the laws 
ascertained to exist in the case of the Pelican applicable to any vessel of a different form, it is 
only necessary that in both vessels the ratio of the elementary resistance of the hull to the area 
of the screw's disc, or the square of the screw's diameter, should be the same. It is obvious 
that if a vessel be propelled with twice the difficulty, she should have twice the propelling area 
in the screw's disc, or in the square of the screw's diameter, if the same velocity has to be 
maintained ; and the elementary resistance of the hull is merely an expression of the ease or 
difficulty with which the vessel is propelled. 

The ratio of the square of the diameter of the screw to the elementary resistance of the 
hull, gives the relative resistance of the screw and hull, and this is a quantity which enters 
largely into the subsequent investigations, and the precise nature of which it is necessary to 
apprehend. If a vessel of a given form, and with a given number of square feet of immerged 
section, be propelled through the water at a given speed, there will be a certain resistance per 
square foot of immersed section, which is ascertainable. A blunter vessel, if driven by the same 
power, at the same speed, must have a less immersed section; she will, therefore, present more 
resistance per square foot of immersed section, while a sharper vessel will present less. If, 
therefore, these several vessels be driven at the same speed, with the same power, and with the 
same screw, then as the screw exerts the same pressure or thrust in each case, and remains 
unchanged in diameter, the ratio of the square of the screw's diameter to the total area of 
immersed section must be different in each of the vessels, and this ratio is indicative of the 
relative resistance of the screw and ship. The thrust of the screw will always be just balanced 
by the resistance of the ship. 

Having the immerged midship section of the Pelican taken at 109|- square feet — which 
immersion appears to have been maintained throughout the experiments with little variation— 
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and the diameters of tlie screws tried, at 66.14 inclies, 80.7 inches, and 98.4 inches, or 5.51 feet, 
6.Y2 feet, and 8.2 feet, with the common geometrical ratio of 1.22, then the different relative 
resistances corresponding to the series of diameters will be expressed by 

^^ 109.75 ^^ 109.75 ^^ 109.75 



(5.51/' ^^ "(5.517(1.22/' -^^ " (5.51/(1.22/' 

jST being the value of the resistance of a square foot of immersed section of the vessel at a speed 
of 3.2808 feet per second. It is obvious from these figures that the relative resistances are as 
the numbers (1.22/, (1.22)^, and 1; or, as 2.21533456, 1.4884, and 1.000; or, say, as 2.215, 
1.488 and 1.000. 

The efficiency being the ratio of the useful effect to the amount of engine power transmitted 
to the screw, and the useful effect b^ing nothing more than the resistance of the vessel multiplied 
by the space through which she passes, or, in other words, being just the dynamometer power, it 
is easy, when the engine and dynamometer powers are known, to tell what the efficiency is, 
whatever may be the speed of the vessel. If we knew with precision the law of the increase 
in the resistance which a vessel experiences when her speed is increased, we should be able, by 
knowing the resistance at any one speed, to tell what it would be at any other, and also 
what would be the useful effect at that increased speed. Thus, if it were the fact that the 
resistance increased as the square of the velocity, then a constant elementary resistance multiplied 
by the cube of the speed would give the useful effect at the increased velocity; and for speeds 
differing but little from one another, this mode of computation may be adopted. In the case 
of dissimilar speeds, however, such a method of estimation will give fallacious results, since it is 
known that the resistance of vessels increases more rapidly than the square of the velocity, in 
the case of considerable speeds. Thus, when the speed of a screw propeller was increased from 
6i to 9^ knots per hour, or about one-third, the resistance rose, not as the square, but as the 
2.28th power ; so that, calling E^ the immerged section of the vessel, "Fthe velocity of headway, 
and K the resistance of a square foot of immerged section at the speed F", it will only be 
permissible to take the expression KJB^Y^^ as representative of the resistance, on the under- 
standing that iT varies in functions of the speed according to the approximate law, K=^K'X Y^-'^^^ 
where K' is a constant coefficient. In the following investigations, it will not be necessary to 
adopt this notation, the formula KB^ V^ having the advantage of superior simplicity, and being, 
moreover, sufficiently exact in the case of similar speeds. But in the case of speeds of a different 
order, it is necessary to understand that the ordinary formula does not give exact results ; and 
when employed in connection with such speeds, therefore, a correction of the nature here 
indicated must be applied. If we put h to denote the pitch of the screw, / the coefficient of 
recoil or of slip, and n the number of revolutions of the screw in a unit of time, then the 
expression KJB'^V^ may, it is clear, be put under the form KB'^(1 — ryJMj or under the form 
irJ5^(a^n^)^ supposing a to be understood to represent the distance through which the vessel is 
advanced through the water by each revolution of the propeller. The area of the immersed 
midship section ^^, is readily ascertainable when the draught of water is known ; and the advance 
a^ the coefficient of slip r, the speed of the vessel through the water F", and the number of 
revolutions ?^, are all to be determined by experiment. As regards the coefficient ^ its value 
for different speeds was fixed approximately by the aid of experiments directed to that object; 
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but its value in functions of the speed is also deducible from the slip, and the efficiency of ratio 
of the dynamometer to the indicator power. 

By the absolute speed of the vessel, is meant the speed over the ground, determined by 
dividing the length of each run by the time of its duration. From the absolute speed the 
relative speed, or speed through the water, may be derived, by adding or subtracting the 
velocity of the current ; and as this speed raised to the third power enters into the formula 
which expresses the efficiency of a propeller, it is highly important that it should be accurately 
determined, since any error which exists in the determination of this element will be multiplied 
by the subsequent operations. 

The precaution taken to insure accuracy in determining the speed of the Pelican^ is to 
make four runs with the whole power of the engines acting, so as to give the full speed ; four 
runs with only one boiler in operation, if two are applied for the engines, so as to produce a 
reduced or medium speed ; four runs with only one boiler, and with the steam throttled, or rather 
worked with much expansion, so as to produce a low speed ; and four runs with one boiler, and 
with the engines using all the steam which that boiler produced, but with a board or plane of 
13.988 square feet lowered into the water at the bow, and fixed across the stem, so as purposely 
to increase the resistance of the vessel. The mean values of the speed thus obtained were, with 
the simple hull, 9.5, 7.7, and 6.6 knots ; and if N be the number of strokes made by the engine 
during the run^ t the duration of the run in seconds, and r the ratio of the gearing wheels, 
then the number of revolutions, n^ made by the screw in a second will be represented by the 

formula n = ^t~. 

To determine the speed of the vessel through the water, from the speed over the ground, the 
vessel running with and against the current, and if a be the advance of the screw through the 
water made by each revolution, then it is clear that the value of this quantity will remain 
unchanged, or nearly so, whether the vessel proceeds with the current or against it, so long 
as there is an absence of wind. Putting, then, ?7, Z7+ a^ and U+ 2(^, to represent the mean speeds 
of the current during each succeeding run, and t^, n\ and n'\ the corresponding number of 
revolutions of the screw per second, then na^ v!a^ and Til^a will represent the speed of the vessel 
through the water during each of the runs in question ; and if we designate the absolute speed, 
or the speed over the ground in each of the runs, by "o^v^ and ^'\ we shall have, v — na-±U^ 
v' = n'a ±lTI ±.a^ and v^' = ^i!'a daU ±. 2a. We hence find the value of a to be expressed by the 

equation, a = — - ^ / , — r, ; and when the distance that the screw advances through the water 

by each revolution is known, it is easy to tell the speed of the vessel through the water per 
second, or per houT, by multiplying the advance by the number of revolutions per second or per 
hour made by the screw. 

These conclusions are only quite accurate under the supposition that the vessel is sailing in a 
perfect calm ; but vessels are generally more or less affected in their speed by the influence of 
the wind, and this influence will not be properly eliminated in an experimental trial in running 
the vessel first before the wind, and then, against it, nor willit often happen that the current 
and the wind proceed in the same direction. MM. Bourgois and Moll have made experiments 
to determine the effect of winds of different strengths upon the progress of vessels, and also 
upon the coefficients of slip ; and by the aid of these experiments, they have constructed a 
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table which gives the corrections, in functions of the speed, proper to.be applied to the coefficient 
of slip in the case of vessels proceeding at full speed, and aided or opposed by winds of different 
strength. These corrections are as follows : With the winds on end, or at two points of devia- 
tion from that direction, the correction proper for a strong breeze is, 0.024 ; for a pretty strong 
breeze, 0.021 ; for a light breeze, 0.018 ; for a gentle or feeble breeze, 0.012 ; and for light airs, 
0.006. With the wind at six points of deviation from the course of the vessel, the corrections 
are just half the foregoing; and for a deviation of four points the corrections are intermediate 
between the other two. Besides the corrections which have reference to the influence of the 
wind, there are two others to be taken into account, and they relate to the immersion and speed 
of the vessel. The mean draught of water of 8.2 feet, which corresponds with an immerged 
section of 109.^5 square feet, was adopted as the normal immersion of the Pelican during 
the experiments. 

From the general tenor of the experiments upon the Pelican^ it appears that with every 
kind of screw, the difference in calm weather between the coefficients of slip at speeds of, 9.5 
knots and 6.5 knots does not exceed 0.03. A correction, therefore, of 0.01 per knot, in the case 
of such speeds as 9.5 knots per hour — which is adopted as the normal full speed in these experi- 
ments—will be a near approximation to the truth ; and taking the coefficient of slip as indicated 
in the following tables, in the case of the experiments made at full speed, and in the case also of 
those made with the resisting plane, the several corrections proper for the force of the wind, the 
immersion, and the speed have been, applied to them. The slip is the same in the case of all 
vessels of similar forms, and which have similar screws and a resistance of hull proportional to 
the squares of the diameters of the several screws. By similar screws, is meant screws which 
have the same number of blades, the same fraction of pitch, and the same ratio of the pitch to 
the diameter'; and similar forms of hull and similar screws are merely hulls and screws con- 
structed on a different scale from the original, but in all other respects the same. Taking JB'^ as 

the immersed midship section of the vessel, and D as the diameter of the screw, then -^ will 

express the ratio of the immersed section to the square of the screw's diameter. Substituting 
for this expression, the letter ^, then Kh will represent the ratio between the resistance of the 
hull per unit of speed and the square of the screw's diameter ; or, in other words, it will repre- 
sent the relative resistance already referred to. Putting M for the resistance of the hull at the 
speed under consideration, then IC being the coefficient of the resistance of the hull, we have, 

K = Wyi * But K^ according to the experiments upon the resistance already recited, varies 

slightly with the speed, and therefore, putting Kh =■ —jw f^i' "the same screw, it is clear that 

the quantity Kb^ and the slip which answers thereto, will vary also, and will in fact increase 
with the speed. The amount of increase, however, is not considerable, and is scarcely appreci- 
able in speeds under 1 knots; and it appears probable that the increased proportion of slip at 
high speeds is due altogether to the increase in the resistance beyond that which the common 
law supposes, or in other words, to the increase in the exponent of the speed which answers to 
the resistance in the case of high speeds. Thus, while with the simple hull the difference in the 
slip at a speed of 6.5 knots, and at a speed of 9.5 knots, is 0.03, as has already been explained, 
the difference in the slip, if tie comparison be made between the simple hull and the hull with 
the resisting plane, is, with equal speeds, from 0.10 to 0.11, and this quantity varies but little 

21 
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with the pitch of the screw/ Bearing then in mind that the resisting plane occasions an increase 
of resistance of 0.5, while the vessel passes from the speed of 6.5 knots to 9.5 knots, we may dis- 
cover by interpolation the ratio of the increase of the coefficient of resistance which shall produce 
an increased slip of 0.03, and that ratio we shall find to be 1.11. If, then, we call V the 
high speed of the vessel, and V^ the low speed, and jS' and J? the respective resistances of the 
hull, we have, 

B = KBW% and E' =^ lAlKB'V'K 

But 1.11 — vyI from whence it would appear, that while the vessel passes from the 

low speed to the high speed, the resistance varies as the 2.28 power of the speed. This 
result, deduced from the experiments npon the Pelican^ presents also a satisfactory agreement 
with the results of experiments made upon a smaller boat, when brought into relation to the 
speeds corresponding to the difference of dimensions. 

POWER OF THE ENGINE, SCREW, AND RESISTANCE OF THE SHIR 

The pow;er of the engines of the Pelican was ascertained by means of an indicator which 
was applied both to the top and bottom of the cylinders. The mode of reckoning the power 
exerted by the engines, was not the same as is usually adopted in this country, but the measures 
employed are nevertheless convertible. In the United States and England the practice is to take 
the mean pressure in pounds per square inch exhibited by the Indicator, less a pound and a half, 
which is deducted as an allowance for the power consumed in overcoming the friction of the 
engine itself ; then multiplying the residual pressure by the number of square inches in the area 
of both pistons, by the number of feet travelled by the piston in the minute, and dividing by 
33,000, and we have the measure of the dynamical effort of the engine in actual horse power. 

In the French experiments the pressure upon the piston is taken in centimetres of mercury ; 
and a centimetre is .39371, or somewhat more than one third of an English inch, so that a square 
centimetre is .155 of an English square inch. Now a column of mercury, an inch square and an 
inch high, weighs, at 60"", about .491 lbs. ; hence, a column of mercury, a centimetre square and 
an inch high, will weigh .155 of this amount, or .0761 lbs.; and a column of mercury, a 
centimetre square and a centimetre high, will weigh .39371 of this last amount, or .02996 lbs. 
A kilogramme is 2.2055 lbs. avoirdupois^ so that a cubic centimetre of mercury will weigh 
.01358 kilogrammes. A linear metre contains 100 centimetres, therefore, a square metre con- 
tains 10,000 square centimetres; and 10,000 times .01358 kilogrammes, or 135.8 kilogrammes, 
will be the pressure exerted on a metre of surface by a column of mercury a centimetre 
high. 

If now we call D the diameter of the cylinder in metres, Q the stroke of the piston in 
metres, N the number of strokes made per minute, and p the mean pressure exerted upon 
the piston in centimetres of mercury ; then, bearing in mind that there are two cylinders, 
and that the stroke of the piston both ways has to be reckoned, the power exerted, measured 
in kilogrammes, raised one metre high in the minute, will be represented by 

135.8 X 2-Z)' X .7854 x2Cx JSTxp; or, in other words, 4:2Q.&I)%Wp. 
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The power exerted per second will be ~tli of tMs, or ^WB^ONp^ and MM. Bonrgois 
and Moll have adopted the expression, Y.llT-D^CWp, to represent the gross power exerted 
by the engine per second in kilogrammetres, or in kilogrammes raised one metre high. From 
this, however, some deduction has to be made for friction, before it can express the power 
transmitted to the screw ; and it is clear that the friction consists of two partSj of which 
one is nearly constant, whatever be the pressure put upon the piston, while the other varies 
with the amount of strain transmitted through the working parts. For, overcoming the con- 
stant friction of the engine, MM. Bourgois and Moll, from some experiments they made, 
consider that 5 centimetres of mercury, or .9666 lbs. per square inch, must be accepted as 
a sufficient allowance ; while the friction, which varies with the strain, is designated by the 
coefficient A, The power actually operative in turning round the screw shaft will, therefore, 
be expressed by the formula, .4 X 7.1lYl?^6W(j^ — 5), and this quantity will always be 
proportional to the quantity Y.ll7-Z?^6W(j9 — 5), so that the latter expression will serve as 
a measure of the power transmitted to the screw. This, then, gives an expression of the 
power exerted by the engine. The power utilized by the ship, or, in other words, the 
dynamometer power, is approximately represented by the expression, 

KB" V --= KB^a^Tv' = KB\\ - yJWn^ ; 

K^ being the resistance in kilogrammes per square metre of the immerged section of the 
vessel, at a speed of one metre per second ; ^^, the immerged midship section in the square 
metres ; F", the speed of the vessel through the water in metres per second ; a^ the advance 
of the screw through the water per revolution ; n^ the number of revolutions of the screw 
per second ; A, the pitch ; and 7, the slip of the screw. The utilization, therefore, u^ or in 
other words, the ratio of the dynamometer to the indicator power, will be represented by 
the expression, 

_ KB" V^ _ KBVn^ ^ KB\l - rfh^n ^ 

^^ ^ niiioN{p-h) ~ n.iinoN^p-h) " ni\nD^ON{p-~by 

and calling r the ratio of the gearing wheels interposed between the screw shaft and the 
engine, we may put the expression of the utilization, or ratio of dynamometer to indicator 
power, under the following forms: 



_ KB^ n^ 3 

"^ "^ 7.117i>^(7x 60 ^ /^-;;;;_5\ ^"^ ' V' ^^'^ 



^ KB'' 

^ " ^imD'O X 60 ^ 



{^-)^<f . (8.) 



The efficiency of all the screws tried in the Pelican^ has been calculated by MM. Bourgois 
and Moll by the aid of these formulae, and especially by the aid of Formula (1). When 
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tlie engines are connected immediately to the staft, the effect is obviously tlie same as if 
tlie gearing wheels were of equal diameter. The ratio of the gearing would, in such a case, 
be expressed by the fraction -i-, which is the same as 1, so that the ratio of the gearing 
would spontaneously disappear in the formulaB, since the multiplication or division of the 
other quantities by 1 would not in any way alter their value. The whole of the quantities 
entering into the composition of these formulae have been derived from direct experiment, 
except the quantity K\ and as that quantity is involved in some uncertainty, so far as the 
experiments in the Pelican are concerned, it will be useful to investigate the values of the 
other quantities comprehended in the formulae, independently of K^ so that they may con- 
tinue to be applicable even if a new value for K be finally adopted. 
Now if, as appears by Formula (1), 



then, 



u = 


n.iiiD^a X 60** "^ (i? - 6) '^ '^ ' 







u 



and patting u' for -^, we have, 

^ " l.mi^G X 60^ ^ (i? - 5) ^ ^ ' 

_1 

or, by Formda (3), u' = YllWG X~QO ^ W~ ' ^ ^'* 

n^ 

Now, it has been already explained that ^ — 5, with the addition of a constant factor, expresses 
the mean effective pressure, in centimetres of mercury, of the steam urging the piston, and that it is 
permissible, therefore, to take ^ — 5 as representative of the mean effective pressure exerted by 
the engine. If, then, the screw travels twice, three times, or any other number of times faster than 
the engine, it is plain that, by connecting the engine immediately to the screw shaft, a half, a 
third, or other fraction of the pressure corresponding to the new speed of piston, would impart 
the same power as before to the screw. If r be the ratio of the gearing, it is clear that, ne- 

p '— 5 , 

glecting the constant factor already mentioned, the fraction will represent either the 

reduced pressure, which, when applied directly to the screw shaft, will suffice to give the same 
power, or it will represent the diminished power expended in producing a revolution of the 
screw compared with that necessary to produce a revolution of the engine. The fraction, 

therefore, ^ r / , will, still neglecting the constant factor, represent the effective pressure 

n^ 
acting on the screw shaft, divided by the square of the number of revolutions of the screw. 
Now in paddle vessels it has been found that the pressure in the cylinders increases as the 
square of the number of revolutions, supposing of course that the immersion remains iiivari- 
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able, and ttat the vessel is not affected by the wind. The experiments in the Pelican show 
that this law also obtains in the case of screw vessels, and it hence follows that the fraction 

\ r f will express the effective pressure necessary to be employed in cylinders conpled im- 

mediately to the screw shaft, in order to cause the shaft to make one revolution per second ; 
but the result has to be corrected by a constant factor, the value of which depends on the 
size of the screw, and the size and shape of the vessel. It is time, however, to give some 
of the promised citations from the Memoir of MM. Bourgois and Moll, to which the fore- 
going remarks have reference ; but as this production stands greatly in need of compression, 
I cannot undertake to give in all cases a literal translation, but shall abridge the verbiage 
as much as seems practicable without obscuring the sense: 



'^Elementaey Steoke of Rotation. — ^The abstract value of the abstract ratio 



(^f^) 



n^ 



which we shall henceforth, for , more simplicity, call P^ , expresses, with the exception of 
a constant factor— which depends solely on the proportions of the screw, and the size and 
shape of the vessel — the effective pressure requisite to be exerted in the cylinders, when 
coupled immediately to the screw shaft, to . produce one revolution of the screw in the 
second. As regards the elementary stroke of rotation capable of producing this speed of 
revolution of one turn of the screw per second, and which we shall denote by (7^, it would 
be determined by the relation, 

G,^ Ax 1.0330 X 2-)^njg X Pe\ 

or putting, A^ = A X [^ ^ j] then, Oe = AJf'GP^, 

the kilogramme and the metre being taken as the measures of the forces, and A being the 
general coefficient of the reduction of the power of the engine, as before explained. It is 
easy now to see that the complete resolution of the problem rests substantially on the de- 
termination of the values of the second members of the equations, 

u = K%i\ and G, - AJ)''GP,\ 

and principally on the determination of the values of 



E" 1 



"^ = 71l7D2^y AO X -^ ^ ^', a^d ^. = ^ "^ 



7.117i>'(7 X 60 " P, 



{^). 



vr 



The precise values of K and A^ though interesting to ascertain, are of inferior importance 
to the determination of the values of u and {7^, and in the Pelican^ the elements from 
which the values of u and G^ were computed remained without alteration in the several 
experiments, so that the relative results must be correct, even if we suppose the absolute 
values to be in some degree uncertain. 
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'' Unknown Quantities of the Problem. — Besides the two principal unknown quantities 
u' and P^, we have called in the aid of an auxiliary unknown quantity, the intervention of 
which, if not indispensable, is at least of much utility in facilitating some of the calculations. 
The coefficient of slip has already been expressed by r, and the combination of r and P^ leads 
immediately to the value of u' \ so that if we discover the practical and rational formulae, or 
in default of this, if we draw a series of curves, to express y and P^ in functions of the 
defined variables on which those quantities depend, we shall have discovered the law of the 
efficiency, and consequently will be able to specify the circumstances which make the effi- 
ciency a maximum. 

^'General Estimate of the Results obtaested. — It will be apparent that the value of the 
expression Vj ~ Ku\ or of the coefficient of efficiency u\ diminishes as the speed increases. 
This is inevitable from the increase, in a higher ratio than the square of the speed, of the 
coefficient of resistance K] for, with an aggravated resistance, there is an increased slip, and 
consequently an inferior efficiency. This increase in the resistance, in a more rapid ratio 
than as the square of the speed, is imputable to the difference in the level of the water at 
the bow and stern, whereby the vessel is forced back or resisted by a hydrostatic pressure. 
If our attention be turned to the values of P^ with the three different speeds at which each 
screw has been tried, we shall find that those values remain constant in each case in which 
the experiment has been made during a calm. The wind will of course either diminish or 
increase the resistance of the hull, as its direction may be favorable or adverse ; and this 
effect will be the more conspicuous at the low speeds. 

" CuEVES OF THE COEFFICIENT OF Slip AND EFFICIENCY. — In investigating the values of the 
coefficients of slip and of efficiency, we have represented the results obtained with the screws 
of the diameter of 5.51 feet English, or 1.68 metres, by two clusters of curves, the one re- 
lating to the experiments with the simple hull, and the other to the experiments with the resist- 
ing plane. They have all the pitches for abscissae ; and in the case of the screws with four 
blades, three series of curves have been traced for each of the fractions of pitch, 0.30, 0.375, 0.45, 
0.60, and 0.'75. The ordinates of the first series represent the coefficients of slip cleared from all 

IP - 5\ 
disturbing influences ; the ordinates of the second series represent the values of \_^^ / ; and 

the ordinates of the third series represent the values of the efficiency already designated by 
u'. This last curve is naturally the product of the other two. The same mode of procedure 
has been adopted in the case of the screws with two blades, but only with the fractions of 
the pitch 0.30 and 0.45. The elements of the curves, which refer to the simple hull, have 
been brought to the speed" of 9.5 knots, in preference to the medium or the low speed, so 
as to reduce as much as possible the disturbing influence of the wind, and of the irregular 
variations of the current. The maximum efficiencies, in the case of the simple hull, which 
answer to different fractions of the pitch, with screws of four and of two blades, are as 
follows : 
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1G7 



"SCREWS WITH POUR BLADES, DIAMETER 5.51 ENGLISH FEET. 



Simple hull 



PITCH IN FEET. 



9.012 

9.606 

10.154 

10.942 

11.394 



TRACTION OF 
PITCH. 



0.300 
0.375 
0.450 
0.600 
0.750 



RATIO OF PITCH 
TO DIAMETER. 



1.035 
1.743 

1.842 
1.986 
2.067 



EFFICIENCY, OR UTILIZATION, 



K 
K 
K 
K 
K 



0.07495 
0.07485 
0.07465 
0.07405 
0.07350 



"SCREWS WITH TWO BLADES, DIAMETER 5.51 ENGLISH FEET, 



Simple hull 



PITCH IN FEET. 



8.376 
9.311 



FRACTION OF 
PITCH. 



0.300 
0.450 



RATIO OF PITCH 
TO DIAMETER. 



1.620 
1.689 



EFFICIENCY, OR UTILIZATION. 



K X 0.07500 
K X 0.07690 



" It wonld appear, from these figures, that screws of two blades are a little more efiicient 
than screws of four blades; but at the time the experiments upon the two-bladed screws 
were made, the engine was working with somewhat less friction than when the experiments 
upon the four-bladed screws were made. The two kinds of screws, therefore, must be accepted 
as- about equal in efficiency, but the screws with two blades should be made with a some- 
what shorter pitch. 

"If we bring a straight line parallel to the axis of the abscissae or pitches, but distant 
therefrom 0.97 of the ordinate, which represents the maximum efficiency in the case of screws 
with four and with two blades, and whether combined with the simple hull or with the ad- 
dition of the resisting plane, it is clear that the intersection of this straight line with the 
curves of efficiency for each fraction of the pitch will answer to an equal number of accurate 
solutions of the problem. Each of the curves of efficiency which rises high enough to be 
met by a straight line, will furnish two intersections, and, consequently, two values for every 
fraction of pitch interpolated between those of the experiments. We are thus led to two 
sets of solutions that are equally satisfactory— the one with longer, and the other with shorter 
pitches. The constituents of each series are as follows: 
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■SCREWS WITH FOUR BLADES, DIAMETER 5.51 ENGLISH FEET. 



SIMPLE HULL. 



1st series, shortened pitclies 



2d series, elongated pitches 



PITCH IN FEET, 



6.045 

6.773 

7.866 

8.970 

9.800 

11.152 

11.655 

11.890 

12.283 

12.447 



RATIO OF PITCH 
TO DIAMETER. 



1.097 
1.229 
1.427 
1.628 
1.779 
2.024 
2.097 
2.158 
2.229 
2.259 



FRACTION OP 
PITCH. 



0.300 
0.375 
0.460 
0.600 
0.750 
0.300 
0.375 
0.450 
0.600 
0.760 



0.2361 
0.2486 
0.2710 
0.2865 
0.2960 
0.3885 
0.3810 
0.3736 
0.3630 
0.3550 



"SCREWS WITH TWO BLADES, DIAMETER 5.51 ENGLISH FEET. 



SIMPLE HULL, 


PITCH IN FEET. 


RATIO OF PITCH 
TO DIAMETER. 


FRACTION OF 
PITCH. 


SLIP. 


1st series, shortened pitches .... \ 
2d series, elongated pitches .... 


7.068 

6.461 

9.167 

11.266 


1.283 
1.173 
1.664 
2.045 


0.300 
0.460 
0.300 
0.460 


0.2906 
0.2445 
0.3575 

0.3825 



" These figures show, that with the same fraction of pitch, and the same relative resistance, 
the ratio of the pitch to the diameter ought to increase when we pass from a screw of two 
Mades to a screw of four blades ; and this rule also holds in passing from a screw of four 
blades to a screw of six." 



EIVER-BOAT BEAM ENGINE OF THE STEAMBOAT FRANCIS SKIDDY. 

DESOEIPTIOK AND DEAUGHTma. 

The engine of the Francis Shiddy was designed and constructed by Mr. Joseph Belknap, 
now of the Neptune Iron "Works, of New York, and the hull built by Mr. George Colyer. 
The following are the dimensions of her engine and boat : 

Four iron boilers, extreme length of each . 

Diameter of shell 

JWhole amount of fire surface for the 4 boilers 
Whole amount of grate surface " ^' 

Area of lower flues for one boiler 
Area of upper flues " " 

Area of chimney u u . . 



28 feet 1 inch. 


8 


(C 




5132 


square 


feet. 


208 


u 




7.48 


C( 




6.97 


a 




9.61 


a 
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1C9 



C5 

O 



be 



s 

"o 



fe 

^ 



She is provided witli a single-beam engine^ 
Diameter of cylinder . 
Length of stroke of piston , 
Diameter of air-pump . 
Length of stroke of air-pmnp 



Length on deck . . J 
Breadth of beam .0 . = 
Depth of hold . . , . , 
Tonnage . . . , .. , 
Average draught of water without load 
Average draught of water when loaded 



of grate 



o 

c3 



"^1=? 
•^ 






^ 



Pressure of steam in boiler . . 

Cutting off steam from the commencement of the stroke of piston 

Mean pressure of steam in cylinder . , 

Average number of revolutions at the highest speed . 

Greatest speed of the FrancAs Skiddy through the water 

Consumption of anthracite coal per hour, upon a square foot 

surface, 2X the highest speed . 
Consumption of anthracite coal at an average speed 
Consumption of anthracite coal for the whole trip, from New York to 

Albany and back, at the highest speed, running the blower to suj^ply 

the wind for the furnaces . 
Consumption of anthracite coal at an average speed for the whole trij 
Diameter of paddle-wheel . 
Length of paddles . . . 
Depth of paddles . . 

^ Number of paddles . . . 

Average draught ^ of water without load 

Average draught of water loaded 

Pressure of steam in boiler . 

Mean pressure of steam in cylinder 

Average number of revolutions . 

Cutting Oif steam from the commencement of stroke of piston 

Consumption of anthracite coal per hour, upon a square foot of grate 

surface ...... 

Consumption of anthracite coal for the whole trip, from New York to 

Albany and back . . . . • . • . 
Diameter of ppiddle-wheel . . . 

Average speed of the Francis Sldddy per hour, with enlarged hull 
Tonnage . » . « . . » » 



5 feet 10 inches. 
14 '' 

3 " 10 '^ 

4 a ^ u 

. 322 '' 
38 '' 

10 '' 4 '^ 
1235 tons. 
7 feet. 

7 feet 6 inclies. 
45 pounds. 
7 feet 6 inches. 
39.1 pounds. 
21^ per minute, 
22y^-^ miles per hour 

26 pounds. 

23 '" 



32 tons. 
25 tons. 
4'0 feet. 
11 " 

3 '' 
28 

5 '' 4 inches. 
6. '' 4 '' 

33 pounds. 
30.92 '' 

16 per minute. 
9 feet. 

11.1 pounds. 

23 tons. 

41 feet 4 inches. 
13f\- miles. 
1500 tons. 
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ENGINE OF THE FRANCIS SKIDD Y. 

Engines of the character of that of the Francis Skiddy are no novelty to engineers in the 
Eastern States and in the vicinity of the Great Lakes. The mechanical construction of the engine 
is not intricate, and we refer to it as a practica-l illustration of the proper proportions in the 
several parts, developing the greatest amount of propelling power with the use of the least 
weight of metal. These considerations involve, first, the proper application of the urging force 
upon the piston at one end of the working beam, and the transfer of this force or power at the 
other end of the beam to the crank and the paddle-wheel. Referring our readers to pages 136 
and 169, for the speed of the Francis Shiddy as a freight and ^passenger boat respectively, we 
shall now describe generally the engine with reference to the operation of the valves. 

The engine is of that description called a condensing engine. The steam having entered the 
cylinder, A^ and forced the piston from the commencement to the end of the stroke, escapes at 
once through the lifting of the exhaust valves, and rushes with grccTit velocity through the steam 
chests, A^ and A'^^ and escape pipe, ^^, on the left, into the condenser, A^^ where the steam, by 
the injection of water passing through the injection pipe, A^^^ is condensed into water at a 
temperature of about 100° or 120° Fahr. (see page Y6, explaining condensation of steam). The 
condensed steam and injected water now collects in the hollow bed-plate, ^4^, and is drawn off by 
the air-pump, ^^, to be raised into the hotwell case, JB^ whence it is forced to run into the ocean 
or river, as the floating top placed upon the air-pump prevents it running back into the air-pump. 
The valves which regulate the admission and liberation of steam are placed within the steam 
chests, A^ and A^^ and are termed steam and exhaust valves. Sectional drawings of them are 
shown-'in Plate XVIII., Figs. 4, 5, 6, and 7. In explaining below the mechanism for the lifting 
of the exhaust valves, the same mode is applied to the steam valves, and will therefore be 
appropriate to the movement of the latter as well. The exhaust valves are raised from their 
seat by the movement of the eccentric, F^ in connection with the eccentric rod, F^F^^ and F'^\ 
the latter having on its end the eccentric hook, F^^ to cause, through the revolving motion of 
the eccentric and through the medium of the rocking lever, the rocking motion of the rock 
shaft, F^^ on which is secured by a key the exhaust wiper, F^^ raising and lowering the toe, F"'^ 
and the lifting rod, L These two are secured fast to each other by two bolts. The lifter, F^^ 
secured by two bolts near the upper end of the lifting rod, /, has an arm which extends to the 
valve stems, i^-^^. The valve stems being made fast to the valves, raise and lower the valves by 
the lifting rods as required, at the proper moment. 

The cut-off arrangement applied to this engine, and which we find in general use in river and 
lake-boat beam engines, is the invention of Messrs. R. L. and F. B. Stevens, of Hoboken. Its 
principal feature is the use of long arms secured to the rock shaft, so arranged as to use only a 
portion of the rocking motion of these arms in lifting and lowering the toes attached to the 
lifting rods ; giving, at the extreinities of the arms, in consequence of their length, a very quick 
action to the lifting rods, permitting the steam to be cut off at any desired point in the stroke of 
the piston. 

The lead of the steam valves on this engine is y\ of an inch, or in other words the steam 
valves are raised y\ of an inch from their seats when the piston is on the upper or lower 
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termination of tlie stroke. The whole lift of the steam valves from their seats is five inches. 
The lead of the exhaust valves is IJ inch when the piston is on the upper or lower termi- 
nation of the stroke. The whole lift of the exhanst valves from their seats is six inches. 

It is common, in slide-valve engmes, to close the passages by what is termed the "lap" of the 
valve, before the termination of the stroke of the piston. The term "lap" is familiar to all 
steam engineers, as denoting those portions or edges of the working faces of the valves which 
extend past or beyond the ports. There is not, and can not be any "lap" on a poppet valve, 
but the same effect is obtained in engines of this character by so adjusting the eccentrics and the 
lifting toes, that the valves will be lowered into their seats at the right period, or at the time 
when the passages require to be closed, to produce the effect. The early closing of the steam 
valves allows the steam to expand itself, and thereby to work with economy in the cylinder. 
The early closing of the exhaust valves prevents the escape of the weak steam Avhich is before 
the piston, and compresses it. By closing the exhaust valves very early, this compression may 
be carried to such an extent as to induce a pressure equal, or even superior, to that in the boiler. 
It is never desirable, in engines of this character, to " compress " to this extent, but by judiciously 
closin_g the exhaust valves, and producing a gentle compression, an effect somewhat equivalent to 
" lead" is produced. In sortie engines, this compression is substituted for lead altogether, and 
the piston, at the moment of commencing its stroke, is only actuated by the steam which has 
been thus imprisoned. This mode of operating, works very economically, because it tends to save 
the steam which would otherwise be required to fill the valve passages, and the little space at 
the end of the cylinder, generally known as the "clearance." In other w^ords, the steam, on 
flowing in at the commencement of the stroke, usually has to fill up a certain amount of empty 
space at the end of the cylindei', before it begins to act with its proper effect upon the piston ; 
but when this space has been previously filled, to some ^.extent, by the compression above 
described, a smaller quantity of steam is required to be drawn from the boiler for this purpose. 
In the Corliss engine, and some others in which the valves are opened and closed very rapidly, 
this mode of working is almost invariably practiced. 

In the Francis Shiddy^ the exhaust valves are just closed when the piston is about ten inches 
from the termination of its stroke, and the steam valves are commencing to raise from their seats 
when the piston is about four inches from the end of its stroke. 

DEAUGHTING OP THE ENGINE. 

To design and draw an engine of this character, it is common to determin'e : 1. The general 
dimensions of the hull; 2. The diameter of the cylinder; 3. The stroke of the piston; and, 
4. The size and dip of the wheel. The draught of water, or, in other w^ords, the position of the 
surface of the water in relation to the hull, can usually be nearly ascertained, also, by calcula- 
tions. It is usual to receive these points from the owners or builders of the vessel. Having 
been determined, and accurately noted, the designer will stretch a sheet of stout drawing-paper, 
sufficiently large to admit of a scale of about three-fourths of an inch to the foot. The general 
working drawing of the engine of the Francis Sldddy^ on a scale of half an inch to the foot, is 
on a sheet forty-two inches long and tw^enty-nine inches wide, and presents, besides the side 
elevation, the front and back views. Commencing with the side elevation, a few inches above 
the lower edge of the sheet, he will draw a horizontal line, to indicate the upper surface of the 
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engine keelsons, N^ being the level at wliicli the engine work proper is commenced. A red line 
will next be drawn perpendicularly in the centre of the sheet, to indicate the centre of the 
frame, 6^, nsually termed the gallows frame. It rests npon, and is bolted to the keelsons, and 
supports all the principal portions of the engine. The designer will next fix upon any convenient 
position on the perpendicular line, as a temporary centre for the working beam, and determine, 
by calculation, the length of this beam. In American river-boats, the length of the working 
beam is usually somewhat less than double the length of the stroke of the piston. In the 
M'ancis Sldddy^ the stroke of the piston is fourteen feet, and the length of the beam, between 
the end centres, is twenty-five feet. 

A horizontal cross line will then be drawn temporarily in pencil, to indicate the position of 
the beam when at half-centre, or when the piston is at the middle of the cylinder. Then, 
towards the side on which the cylinder is to stand, two similar horizontal lines will be drawn, 
one at half the length of the stroke above the temporary beam line, and another an equal dis- 
tance leloiD it; these lines indicating the position of the ends of the beam when at extreme 
points. 

The designer will now take, in compasses, one-half the length of the beam, and, planting 
one leg upon the temporary centre, will describe a curve on each s'de of it, which will indicate, 
temporarily, the path of the end centres of the beam. The ends of each of these curves are, of 
course, nearer than the middle of the same to the perpendicular, central line of the engine ; 
and the distance of these several points will be very carefully laid off on the horizontal line. 
The horizontal difference between these several positions of the end of the beam, will now be 
very accurately divided off, in order to arrive at the mean position of the end of the beam. 
Permanent red lines will now be drawn through these points, vertically across the entire sheet, 
one of which is the central line foi* the cylinder; the other will aid in locating the shaft. The 
principal object of the temporary drawing of the beam is to fix these important centre-lines. 
The actual height of the beam centre above the keelsons not having been determined, the tem- 
porary pencil lines will not set forth that particular with reference to the position of the beam. 

Having determined the centre-lines for the cylinder and the shaft, the designer will next 
ascertain the thickness of the bed-plate, A^^ PI. XVII. (1| inch), with compasses, and make a line- 
mark of the same. Also, the height of the condenser, A} (6 ft. 6 in.), making a line-mark of that. 
It has been ascertained, by experience, that the thickness of the bed-plate, and the height of the 
condenser, above set forth, are in proper proportion to a cylinder of fourteen feet stroke. The 
height of the condenser is indicated by the decimal 0.4^4 of the length of the stroke; or, in 
other words, multiply that decimal by the length of stroke in feet or inches, and the product 
will be the height of the condenser in feet or inches, for an engine of this character. Of course 
the height of the condenser is often increased or diminished from this rule ; but this has been 
found to be the true proportion. 

Having drawn the condenser, the designer will next proceed to the cylinder bottom, A^^ 
(llf- inches high), which rests upon the condenser.. The height of the cylinder bottom in pro- 
portion to the stroke of the piston, is indicated by the decimal 0.07 ; multiplying the length of 
stroke in feet or inches by this decipial, the product is the height of the cylinder bottom in feet 
or inches. The position of the cylinder bottom having been drawn by the designer, he will next 
proceed to ascertain the height of the cylind.er. This is done by adding to the stroke of the 
piston, the thickness of the piston at the circuimference, the clearance above and below the piston 
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at eacli end o£ the cjdiiider, and the depth of the cylinder cover. Thus, in the ease of the 

M^ancis Shiddy : 

Stroke of the piston . . . » 

Thickness of piston at circumference ,..,.. 
Clearance above piston . . . . 

Clearance below piston- . o ...„,. . 
Depth of cylinder cover \ . . , . . . . 

Total height of cylinder . . . . . . 

The next objects for consideration are the proportions of thickness of ^piston, Figs. 8 and 9, 
PL XVIIL, at the centre and at the circumference, with reference to the bore of the cylinder„ 
The thickness of the piston at the circumference is indicated by the decimal 0.1, and the thick- 
ness of the piston at the centre is indicated by the decimal 0.2285 ; multiplying these decimals 
by the inside diameter of the cylinder, which is seventy inches, will give seven inches as the 
thickness of the piston at the circumference, and 15.8 inches, nearly, as the thickness of the 
piston at the centre. For the depth of the cover and stuffing-box, no established rule can be 
stated, as it depends upon the height of the steam-port. 

Having found the thickness of the bed-plate, the height of the condenser, the height of 
the cylinder bottom, the height of the cylinder, the thickness of the piston at centre and 
circumference, the designer will next proceed to ascertain the dimensions of the socket of the 
piston rod. The length from the centre of the cross-head to the lower extremity of the 
vsocket is indicated by the decimal 0.31, multiplied by the diameter of the cylinder (70 inches), 
which will give nearly 21f inches. The next thing to be done is, to draw the lower line 
of the cylinder cover; next, the outlines of the stuffing box and gland- — the latter at its 
greatest height, that is, when the stuffing box is filled with packing to its greatest 
capacity. 

Now, sufficient clearance must be given between the upper extremity of the gland and 
the lower part of the socket of the piston rod, in order that the screws holding the gland 
in its place may not come in contact with the socket of the piston rod ; say 4| inches. The 
height from the top of the cylinder to the cross-head may also be found by multiplying the 
decimal 0.5 by the diameter of the cylinder (70 inches), giving thirty-five inches, which, under 
ordinary circumstances, is sufficient for the thickness of the cylinder cover, the height of the 
stuffing box and gland, the necessary clearance, and the depth of the socket of the piston 
rod, reaching to the centre of the cross-head. 

Having now drawn in a cross line the height of the centre of the cross-head, when the 
piston is at the lowest extremity of its stroke, the designer has now to measure off from the 
centre of the cross-head in its lowest position, the stroke of the piston (14 feet), which will 
indicate the centre of the cross-head in its highest position. The length of the front links 
is next to be determined. No definite rule has been established as a guide on that point. 
However, a decimal may be approximated from practical results, by adopting the proportion 
of 10 ft. l-J in. to 14 ft. (the stroke of the piston), that is, in decimals, 0.723, which, multiplied 
by 14 ft., gives 10 ft. 1-| inch, nearly. 

In the early stage of the drawing, lines were made indicating the horizontal positions of the 
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centre of tlie beam, and of tlie end centres, at their highest, middle, and lowest points" Draw 
a line parallel to the centre line of the cylinder, rnnning through the end centre of the 
working beam in its lowest position. Now, measure off 10 ft. IJ in. (the length of the front 
links), from the centre of the cross-head in its lowest position, to a point on the line which passes 
through the end centre at its lowest position. This point will indicate the acUial ^position oi. 
the end centre of the working beam at its lowest position; and, of course, seven feet (half the 
stroke of the piston) in a right angle above the end centre in its lowest position, will be the 
horizontal line of the centre of the working beam. 

The height of the centre of the main shaft is next to be ascertained. The draught of 
water of the boat, and the diameter of the wheels, are given by the builders, or can be 
calculated by rules that will be made the subject of future illustration. The dip of the 
paddles of the paddle-wheel must also be considered, and is subject to various theories. The 
prevailing rule is, in river-boats, to bring the interior line of the paddles, when the vessel is light, 
at or a little below the surface of the water. 

The draught of the boat being given by the carpenter or builder (5 ft. 4 in. light or without 
load), the thickness of the planking, engine-keelsons, &c., under the bed-plate, must be drawn, 
before the water line, in its relation to the engine, can be showm. The position of the water line 
to the engine should be indicated by a horizontal line. The dip of the paddles (3 ft.) and the 
diameter of the paddle-wheels (40 ft.) being now given, determine at once the location of the 
centre of the main shaft. 

The gallows frame next requires the attention of the designer. The size of the main pillow 
block should be arrived at, giving on the bottom and sides iron of sufficient strength to endure 
all the heavy strains that naturally fall upon it, or may follow an accident to the engine. A 
full drawing of a main pillow block is presented in Plate XX., Figs. 117, 118, which give the 
dimensions of that of the Francis Skiddy. The proportions here adopted may be applied to a 
larger or smaller engine of the same general character. The beam pillow block must next be 
drawn, the general dimensions of which are given in Plate XX., Figs. 115, 116. The beam 
pillow block must also be of great strength, but little inferior to that of the main pillow block. 
These points having been arrived at, the designer will draw such lines of the main and beam 
pillow blocks as are necessary as a basis for designing and drawing the gallows frame. The 
position of the gallows frame must be so arranged as to allow the side flanges of the main pillow 
block to fit exactly to the side of the gallows frame {G- and G^^ Plate XVII). 

A circle must now be drawn, taking as a radius half the stroke of the piston (7 ft.), from 
the centre of the main shaft {E^ Plate XVII.), showing the path of the centre of the crank 
pin. The points occupied by the crank pin in its highest and lowest positions— that is, at the 
extremes of the stroke of the piston — are where the lines of the path of the crank pin cross the 
perpendicular line passing through the centre of the main shaft. The position of the crank, 
E'^, when the beam, D, is at its level, must also be represented; and that can be arrived at by 
drawing a circle from the end centre of the beam, passing through the centre of the main, shaft, 
and crossing the path line of the crank pin. Now draw a line from the centre of the crank pin 
to the end centre of the beam, and the length of this line will be the length of the connecting 
rod, i>il 

The air-pump, B^^ must now receive the attention of the designer. Its position must be de- 
termined with a view to leave sufficient space between the hotwell case, B^ and the condenser. 
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A^. to aflbrd room for the valves connecting witli the- condenser, -4^, and for the cover {A^) of 
those valves. The bore of the air-pump for the Francis S'kiddy^ being forty-six inches, has 
been demonstrated to be in the proper proportion to a cylinder of seventy inches, and is repre- 
sented by the 0.657, which, multiplied by seventy, will give forty-six, nearly. The stroke of 
the air-pump bucket has been fixed at 4 ft. 4 in., as the proper proportion for a cylinder of 14 ft. 
stroke, represented by the decimal 0.321, which, multiplied by 168 inches (the stroke of the 
piston), will give fifty-two inches, nearly (the stroke of the air-pump bucket). The actual 
position of the centre of the air-pump, between the main pillow block and the cylinder, depend- 
ing upon the two other considerations, variable in themselves (i, ^., the space for the valves in 
the bed-plates and their cover, and the stroke of the air-pump bucket), will, of course, be 
subject to them, and cannot be accurately determined until those two points are settled. In the 
Francis Shiddy^ the centre of the air-pump is 7 ft. 8 in. from the centre of the cylinder. 

The designer will next draw the centre of the air-pump cross-head, JS^^ Fig. 3, in its highest and 
lowest positions. At its lowest extremity, it is placed in the Francis Shiddy 2 ft. 2 in. from the 
top of the hotwell case. A circular line must next be drawn from the centre of the working beam 
towards the end connecting with the cylinder, which will show the path of the air-pump centre 
in the working beam. The distance of this point from the centre of the beam depends, of course, 
upon the stroke of the air-pump bucket (4 ft. 4 in.). Divide the stroke of the air-pump bucket 
equally above and below the horizontal line of the working beam. Draw horizontal lines at 
those distances, and the points at which these lines cross the centre-line of the working beam in 
its extreme inclined positions, should be traversed by the circular line above mentioned. 

We are now enabled to find the length of the air-pump rods, jB^, measuring from the air- 
pump cross-head in its lowest position, to the air-pump centre in the working beam in its lowest 
position. 

On a working drawing like that under consideration, centre-lines of the various parts of the 
engine will be sufiicient for practical purposes. It is necessary, however, to fully draw the 
gallows frame, in order that no part of the engine shall come in collision with it. Such a 
gallows frame is fully represented in PI. XVII., Figs. 1, 2, 3 — giving side, front, and back 
elevations. 

In speaking of the main and shaft-pillow blocks, we briefly set forth some of the principal 
lines of the gallows frame ; and we now give a more complete description, as follows : The 
gallows frame work consists of four main frames marked GG^ two on each side, resting, at the 
lower end, on the engine-keelsons, i^, iVJ and G^^ and secured by knees, G'^^ which are bolted to 
the frames and keelsons. On the top of the main frames, G, rests the main pillow block 7>^, to 
support the beam i>. Two strong braces, G\ strengthen the gallows frames on the top, extend- 
ing down to the engine-keelson iVJ and are connected with»:t,the framework of the main pillow 
block, ^^, to which they are secured by two iron bolts, reaching from the outside of the brace, 
G^^ through the main pillow block framing, and main frames of the gallows frame, thus uniting, 
strongly, these three points — the top of gallows frame, the framing of main pillow block, and 
the engine-keelson. The four stays, G^ G^^ are bracing the main frames, G^ and pillow block 
framing from the top of engine-keelsons. The upper four horizontal braces, two on each side, 
connect the main frames, G^ w^ith the gallows frame brace, G^^ which are held together by iron 
bolts along the horizontal braces, reaching from one end to the other. The diagonal braces, 
G^ G^^ fit exactly into the corners of the horizontal braces, G^ G^^ will strengthen the gallows 
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frame to some extent. Pigs, 2 and 3, representing front and back views of the gallows frame, 
will show the cross braces, G^ G^^ and the diagonal braces, G^ G^^ strengthening the gallows 
frame sidewise. 

Having obtained the exact sizes of all the frames, braces, and stays of the gallows frame 
of the M'ancis Shidcly^ we can recommend them as trne proportions for an engine of tliL 
character* For any other size of engine, the designer can be guided by these proportions as to 
strength of the framing, by applying similar proportions with reference to the power required for 
the propelling force of the boat. The designer, however, must exercise good judgment in 
determining the proportions of the various parts of the gallows frame, to secure sufficient 
strength to withstand all the strain which naturally attaches to the framework. 

In regard to the draughting of this gallows frame, it may be said, that the designer or student 
has but to follow closely the description we have given, referring to the full drawing embraced 
in Plate XVII,, illustrating completely the position and relative dimensions of the several parts, 
and they should be drawn in the order in which they are named in the above description. 

More detailed directions to the student, in draughting the gallows frame, are believed to be 
unnecessary to the purpose of this article. Much valuable information can, however, be derived 
from a careful examination of the drawings in Plate XVII. 

DETAILED DESCRIPTION OF THE ENGINE OP THE FEANCIS SKIDD Y. 

At the commencement of this article, and in the directions which we have given for draughting 
an engine of this character, we have presented the principal points in a general description, 
to which we now refer, and subjoin the following detailed description of such parts of the 
engine as appear to us to present valuable and interesting features. 

Plate XVIII.— The steam and exhaust chests, of which Fig. 6 presents longitudinal sections, 
and Fig. 4 a transverse section of the exhaust chest, are here shown. In Fig. 6, {? 6^ represent 
the steam valves, the lower valve of which is bolted with four bolts to the upper valve, and 
G^ is the valve-stem, having a collar on the top, and a nut on the lower end of the lower valve, 
to keep the valves and valve-stems in close proximity. In fitting the steam valves to their 
places, care should be taken when grinding them to provide for the expansion caused by the 
high temperature of the steam. Place a sheet of the thinnest letter paper between the joints 
of the two valves ; fit them to their place with this sheet of paper in that position, and when 
ground, remove the paper; the usual expansion of the valves, when in operation, will cause 
them to fit closely to their seats ; otherwise the upper valve will leak, G^ is a lower cover, 
and serves as a guide to the valve-stem". G^ is the cover, and G"^ the gland placed on the top 
of the steam chest. . They are also applicable to the exhaust chest. The exhaust and steam 
chests are separated by the partition L L, The exhaust valves, ^^, are cast solid to each 
other. The appendages of the exhaust valves are the same as those of the steam valves; thus, 
E^^ valve^stems; E^\ lower cover and guide; IP, upper cover; I]\ gland. The exhaust valves 
are placed in their seats through the upper opening in the steam chest ; the upper steam valve, 
G^ is placed in its seat through the upper opening in the steam chest; the lower steam valve, (?, 
is put through the steam port and bolted to the upper, while both are in their seats. The steam 
and exhaust valves are balance puppet valves ; the pressure upon the lower area of the lower 
steam valves, (7, is upon a surface of seventeen inches diameter, and upon the upper area of the 
upper steam valve, upon a surface of the same diameter. The pressure of steam upon the exhaust 
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valves is from the steam port, and would raise the upper valve from its seat if not counterbal- 
anced by the pressure of steam upon an equal area of the top of the lower valve. In Fig. 5, 
to the right, is a top view of the lower steam chest, A\ showing, I^ and 7J the bearings for the 
steam lifting rods, and, P and /^, bearings for the exhaust lifting. rods. Fig. 7 is a side view of 
the lower steam chest, JL^, looking from the side where the steam chest is bolted to the cylinder 
bottom, A^. The open chamber, J.^, is cast to the steam chest, A\ and bolted by its flanges to 
the condenser, A^ ; being the passage for the exhaust steam to enter the condenser. 

Fig. 16 is a vertical longitudinal section of the condenser, showing the injection pipe and 
nozzle, A^^^ to conduct the water near to the highest part of the condenser, which is then 
equally distributed by the strainer, S B^ over the whole, surface of the condenser, running down 
through the numerous holes, and condenses the exhaust steam which rushes from the nozzle, .4^, into 
the condenser. To the condenser are cast three flanges, 2, 2, 2, supporting the strainer, B B^ in 
its proper height, which is secured by three bolts, 1, 1, 1, to these flanges. O is a manhole plate. 
Fig. 18 is a horizontal section view of the condenser, of which 3, 3, are heavy flanges, keeping 
the condenser to the front of the gallows frame, and D D brackets for bolts, securing the 
condenser to the bed-plate and engine-keelson. The top flanges, 4, 4, hold the ends of bolts 
which extend to the flanges of the beam pillow blocks, with a nut on each end, to keep the 
condenser and beam pillow block firmly connected. The lower flanges, 4, are intended for 
placing holding-down bolts, reaching to the lower end of the engine-keelson, fastening the 
condenser strongly to it. A^ is the exhaust passage, the flanges of which are bolted to the 
lower steam chest. Fig. 17 is a front view of the condenser; the several parts having been 
described in Figures 16 and 18. The bed-plate. Figs. 14 and 16, is drawn in a top view and 
longitudinal section, being the place for the cylinder, and D for the air-pump ; JE"^ is the foot 
valve made of brass (in some engines India-rubber is used for the foot-valve) ; B^ is the foot 
valve cover, i^ is a projection cast to the bed-plate, allowing room for a wedge to hold the 
joints of the foot valve seat and bed-plate tight ; the same means is used for the same purpose 
in the middle of the foot valve seat. 

Plate XIX, — Fig. 33 is the longitudinal section view, and Fig. 34 the top view of the feed 
pump, to supply the boilers with water. O is the .feed pump barrel, made of composition. 6^^ 
and C^ are the suction and valve chambers. The part G^ is for the suction pipe, and C^ for the 
feed pipe, 6^^ is the valve for the feed pipe, and the suction chamber has a valve of the same 
character, the seat of which only is shown in the drav/ing. 6^^, 6^^, Q^^ (7^, are flanges resting on 
the air-pump brackets. {7^, (7^, are the valve covers, E is the plunger. JE^ the cover to the 
same. D is the rod for plunger. D^ is the upper end of the plunger rod, fitted to the extreme 
ends of the cross-head. B"^ a nut to hold D^ to the cross-head. B^ is that part of the plunger 
rod which is fitted to the plunger, and is held by two nuts, B^ on the top, and B^ on the bottom. 
Fig. 35 is a, transverse section view of the suction and feed chambers. 

Blat6 XX, — ^The air-pump illustrated in Figs. 92 and 93 is drawn in a longitudinal section 
and a top view^ of which B^ is the casing of air-pump, made of cast iron, and filled on the 
inside with brass segments one quarter of an inch in thickness ; the segments are carefully fitted 
on the edges towards its outside circumference, but allowing a little clearance in their joints 
towards the inside for hammering, which operation will fill up the clearance in the joints, and 
the segments holding each to the other, as if made solid. The floating top, B J9, has a groove 
where it rests on the top of the air-pump, for an India-rubber gasket, or wooden segments may be 
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fitted into tlie grooves, to make a tiglit joint when the floating top is on its seat, the former Ibeing 
preferable. i>\ D\ are handles, D^ stuffing box, and i?^ gland of the same. The hotwell case, 
JS^^ is a separate piece of casting from the air-pump, and is kept tight by rust-cement, and a few 
bolts. £^ is the cover, with a stuffing box for the air-pump rod. O^^ {7^, are brackets supporting 
the feed pumps which supply .the steam boilers. O'^, 0^^ are flanges, to make the barrel of 
pump tight with a rust joint. A is the air-pimip bucket, A'^ the valves, and A^ the follower to 
hold the packing of the air-pump to its place. A.^ is the guide for the air-pump pocket valves. 
A^ is the air-pump rod, inclosed in a copper casing, about one eighth of an inch thick. A'^ is 
the place for the air-pump socket. £^ is the air-pump cross-head. 

The details presented in Plates XVIII, XIX, and XX, to which especial reference is not 
made in the above detailed description, are drawn wdth such clearness and accuracy, giving the 
names of the principal parts, that further description is not required. 

PLACING THE ENGINE IN THE BOAT. 

The manner of proceeding to place the engine in the boat is a subject of interest and 
importance, and we have now to offer some general observations upon it, together with specific 
directions in such particulars as seem to require them. 

The carpenter, in erecting the gallows frame, fixes some of the temporary lines, such as the 
horizontal centre of the foot of the gallows frame, and a perpendicular line rising therefrom 
at right angles with the level of the boat in all directions. As we stated in the general directions 
respecting the ^drawing of the engine, the gallows frame must be so arranged as to connect with 
the flanges of the steam cylinder, and of the main shaft pillow block, as well as to clear all the 
moving part of the engine ; to which observations we now refer the reader. The carpenter will 
bolt the gallows frame to a temporary proximate position. 

The first business of the engineer will be to ascertain the precise beam centre of the boat. 

He will erect perpendicular straight edges towards each end of the boat, sufficiently far apart 

to clear the cylinder at one end, and the shaft and crank at the other. These straight edges 

must rise strictly perpendicular to the side level of the boat, because they are to serve as a 

guide in establishing the sidewise centre lines of the cylinder, gallows frame, walking-beam, 

and main connecting rod; and, indeed, must be kept in view in the whole operation of 

placing the engine in the boat. The manner of placing a straight edge in its true position is, to 

rest the lower end upon the centre keelson, in such position that one side of the piece forming 

the straight edge shall be exactly in the beam centre of the boat. To carry up the straight 

edge in strict perpendicular from this centre, a straight edge must be laid also across the boat, 

at the level of the deck, resting in an exact horizontal position by means of blocks placed under 

each end, at the sides of the boat. The exact position of the perpendicular straight edge may 

now be ascertained, either by means of a T square, or by measuring from the outside of the hull 

towards the centre. Having found the position of one perpendicular straight edge by the 

means we have described, the second will of course be fixed in an exact relative position to the 

first. The proper height of the gallows frame, where the pillow blocks rest upon it, must now 

be measured from the flooring of the boat, upon which the engine-keelsons rest. This height 

must always be specified in the working drawings of the engine, to which reference must be had ; 
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and having been measured on either side, that side of the gallows frame must be cut off at the 
proper point to receive the beam pillow block. A T square applied to the side that has thus 
been cut off, will indicate the point of cutting off the other side of the gallows frame, binngiiig 
both sides to exactly the same height. In applying the T square for this purpose, care should be 
taken to keep the long or perpendicular arm of the square in exact line with the perpendicular 
straight edges above mentioned. The beam pillow blocks can now be placed in their positions, 
precaution being taken to see that these blocks are of equal dimensions from the point resting 
upon the gallows frame to the centre of journal, any difference to be obviated by the valuation 
of the height of either side of the gallows frame, from the exact point heretofore reached. 
A beam main centre piece of wood must next be made, of the same dimensions as that of the 
beam centre itself. This wooden beam main centre piece must be placed in the journals of the 
beam pillow blocks. The middle of this centre piece, measured from each journal, and indicating 
the beam centre of the working beam, must be marked upon it, either by the person turning it, 
or by the engineer himself; usually by the former. A piece of small cord, of very perfect 
manufacture, and very strong (cat-gut is generally used), must now be employed, stretched 
from one straight edge to the other, A short straight edge may also be fastened, with screws, 
to the wooden centre piece, exactly at the middle thereof, indicating the beam centre of the 
working beam. This centre-line must correspond with the cat-gut line drawn from the two 
straight edges. The wooden centre piece should be brought to rest in exact right angle to 
the several centre-lines of the working beam; that is, in right angle to the horizontal, perpen- 
dicular, and beam centres of the working beam, as heretofore ascertained and described. Having 
described the manner of ascertaining the various points to be considered in fixing the beam 
pillow blocks in their places, the work becomes merely mechanical, and will be accomplished by 
such means as suggest themselves to the engineer ; which done, the beam pillow blocks may be 
permanently bolted to the top of the gallows frame. 

The laying of the bed-plate, A^ A\ PI. XVIL, Fig. 1, is the next object to receive the atten. 
tioii of the engineer. The bed-plate is laid on two oak planks, which may easily be adjusted to 
the necessary variations in the bed-plate. The planking which lies on the engine-keelson, 
and comes in immediate contact with the bed-plate, should be adjusted as nearly as possible to 
its proper position. This may be done with the use of a T square. The exact centre of the 
steam cylinder must now be taken into consideration, and keeping that point in view, the 
bed-plate can now be placed upon the planking prepared, as above referred to, for its recep- 
tion. The centre points where the condenser and air-pump rest upon the bed-plate, must now 
be accurately ascertained, and again the T square must be employed to lay the bed-plate true 
in every direction. This being accomplished, a line must be stretched from the two upright 
straight edges before described, and the air-pump and condenser centres must be in accordance with 
this line. Now fix the true perpendicular centre-line of the gallows frame, and measure from that 
line to the centre-line of the cylinder, as established in the working drawing— (11 ft. 5^ in.) This 
will settle the exact position of the bed-plate. The relative positions of the beam centre — as indi 
cated by the cord drawn from the two upright straight edges — and of the transverse centres of 
the cylinder, condenser, and air-pump, must be indicated by marks with a chisel upon the ends 
and sides of the bed-plate flanges, preparatory to the removal of the cord when the condenser is 
placed in position. Before doing this, however, four marks on the upper and lower flanges 
of the condenser must be made with a chisel, at right angles to each other, corresponding 
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witli tlie centre of tlie condenser. This centre is ascertained by means of a Tv^ooden cross 
placed in the condenser, the arms of the cross fitting closely to its inside diameter. Tiie 
same marks, by the same process, naust also he made on the npper and lower flanges of 
the steam cylinder. The condenser may now Ibe fitted to its place, care "being taken to 
"bring the centre at the top in exact position, measuring from the centre-line of the gallow^s 
frame as before (11 ft. 5| in.), and in accordance with the line drawn from the two straigh 
edges ; in other words, that the centre-line of the condenser is in exact perpendicnlar. The 
work of fitting the condenser to the bedt-plate must, of course, be performed upon the '^ chipping- 
strips," in the lower ilange of the condenser ; and when perfected, the condenser may be per- 
manently bolted to its place. The cylinder bottom is always bolted to the cylinder, and when 
thus joined, the two are placed together upon the condenser. The marks upon the outside 
of the flanges will assist in bringing the lowxr part of the cylinder to its exact centre point, 
The cylinder must novf be fitted to its place, care being taken, as in the case of the condenser- 
to maintain the perpendicular of its centre—the same rules governing both cases. 

The slides for the cross-head must next be fitted to their places. To this end, a wooden 
cross must be placed in the lower extremity of the cylinder, the arms fitting closely to its 
inside diameter. A temporary platform^ near the top of the galloy\^s frame, must now be 
employed, to which a cord should be stretched from the centre point of the cylinder marked 
on the wooden cross in the cylinder. This cord should indicate a continuation of the true 
perpendicular centre-line of the cylinder, for the purpose of fixing the true position of the 
slides. In fixing the position of the slides, a wooden piece may be employed to represent the 
crossdiead, with a point in the centre to show y/here the continuation of the centre-line of 
the cylinder should pass, and when the slides are accurately set they should be bolted to the 
flanges of the cylinder. A brace, A'^^ (made of cast iron), must now be fitted to the upper 
flanges of the slides, retaining them in their proper position ; and wrought iron braces, A'^^^ 
extend from the slides to the gallows frame. The second brace from the top, _zl^^, is a 
diagonal cross brace, connecting the flanges of the slides with the other sides of the gallows 
frame. The four lower braces, two on each side, are of wrought iron, and extend directly from 
the slides to the gallows frame. All these braces are bolted to the flanges of the slides, and 
to the gallows frame. The piston, with piston rod, and the cylinder cover, may now be put 
in their places, and then the cross-head put in its place, and fastened to the piston rod. The 
w^orking beam, also, may be laid in the beam pillow block journals. 

The setting of the main or shaft and the out=-port pillow blocks is the next work to which 
we direct attention. A cord must be extended, indicating the centres of these pillow blocks^ 
These centres are to be ascertained by measuring the height on the working drawing, from the 
top of the flooring of the hull to the centre of the shaft, then drawing a horizontal line with 
a cord from the straight edge to the perpendicular centre of the gallows frame, at the height 
of the main shaft ; a line must now be drawn perpendicularly through the centre of the shaft, 
parallel, in every direction, with the centre-line of the cylinder, when a T square can be 
employed in determining the centre-line of the main shaft, to be indicated by a cord drawn from 
one out"port pillow block to the other ; the actual height, as well as the distance from the centre 
of the gallows frame, having been, as previously stated, ascertained by measuring the height in 
the working drawing, from the flooring of the boat, and in using the T square, to see that this 
line is in strict right angle to the cord drawn from the straight edge to the centre of the gallows 
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frame, and also in riglit angle to the perpendicnlar line parallel to the centre of the cylinder. 
The height of the centre of the main shaft of the Francis SMddy^ above the flooring, is 22 feet 
4^ inches, and its distance from the centre of the gallows frame is 11 feet 5-| inches. 

The placing of the main and out-port pillow blocks must now be proceeded with. The 
engineer must, of course, measure the distance from the centre of the journals to the lower edges 
of the pillow blocks, to ascertain the exact height of the resting places of them above the flooring 
of the boat, when he will cut the timbers accordingly, with a view to the exact height of the 
centre of the shaft, fitting these timbers to the lower sides of the pillow blocks. The centres ol 
the journals of the out-port pillow blocks must always be slightly higher than the centre of tliQ 
journal of the main pillow blocks, on account of the great weight of the paddle-wheels, and of 
the fact that the sides of the boat will yield more than the centre to the weight of the engine. 
If the two parts of the shaft as usually employed in river boats, lie perfectly true, the cranks 
will show no variation in their distance from each other at any point in their revolution. 

In placing the air-pump in its seat, reference must be had to the working drawing, following 
the centre-points, &c., as there laid down, subject, of course, to the formation of the bed-plate. 
Mechanically, the operation is precisely the same as in placing the condenser and cylinder. 

We have to remark, before leaving this subject, that it is well to fasten a piece forming 
a straight edge along the engine-keelson, the upper or straight edge of this piece to be in 
strict right angle to the perpendicular centre-line of the cylinder. "With the aid of a T square, 
this straight edge will supply the place of the perpendicular straight edges before described, 
in case their removal should become necessary from any cause. 

It may also be observed, that the bed-plate is laid upon a mixture of white and red lead, 
spread carefully over the oak planks which come in immediate connection with the bed-plate. 
The object of this mixture of paint is to fill up all crevices or imperfections of any character 
which may exist, either in the surface of the bed-plate itself, or in the planking, causing the 
bed-plate to receive equal and substantial support in all its parts. The same process must 
be followed in laying the main and beam pillow blocks, these important parts of the engine 
having been broken in consequence of not being set firmly and accurately in their places. A 
gasket of red lead is also employed to secure a perfectly tight joint between the condenser and 
the bed-plate. Lay rolls of red lead, well hammered, upon the chipping-strip of the bed-plate, 
then place the condenser on it, and bolt it to the bed-plate ; after which a rust cement, composed 
of cast-iron filings or turnings (dust) ten lbs., pulverized sal ammoniac one lb., pulverized sulphur 
half lb., as prescribed iii page 26 of this work, may be employed in securing the joint perfectly 
air-tight. A rust cement, formed by the use of sea-water and cast-iron filings or turnings, is often 
employed, but it is inferior to that above described. Be careful that joints to come in connection 
with this cement are not greasy when placed upon it. The joints of the cylinder bottom and 
cylinder, and of the air-pump and condenser, are made air-tight in the same manner. The joint 
between the cylinder cover and cylinder is made steam-tight by the use of an India-rubber gas- 
ket. Some use hemp instead of India-rubber, as cheaper. The joints of the steam chest and the 
steam port flanges, are made tight with India-rubber ; also those of the exhaust passages. A sheet 
of very thin copper, with red lead, is used for the joints between the steam and exhaust pipes, 
and the upper and lower flanges of the steam chest. All the other joints may be made with 
India-rubber. 
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STEAM FIEE ENGINE MISSOURI. 

Plate XXL — Fig. 1 is a side elevation of the new steam fire-engine " Missouri," built by 
Abel Sliarok, of Cincinnati. 

This engine possesses, in an eminent degree, all the qualities necessary in an eiScient fire- 
engine, viz.: extreme lightness, simplicity, beauty, and power, and an enormous steam generative 
capability. One noticeable point is its quickness of action, occupying but four minutes in gene- 
rating steam and throwing water — time taken from the moment smoke appears at the top of the 
chimney, until water is thrown from the nozzle, at the end of one hundred feet of hose. The 
steam engine is of the simple direct-action, reciprocating description, as seen from the engraving. 
Its most important feature is the motion of the valves. Both the steam engine and pump are 
fitted with balance piston valves, which receive an instantaneous motion directly before the com- 
mencement of each stroke, by the action of steam directly from, the steam chamber, giving the 
whole great freedom and efficiency of action. The construction and mode of operation is described 
in reference to the sectional details. It is only necessary here to describe its general arrange- 
ment. 

Fig. 2 is a front elevation. The same letters refer to all the figures. A is the steam cyl- 
inder. A^ is the valve chamber. A^ is the exhaust or eduction pipe leading to chimney. A^ is 
the induction pipe. A? is the throttle (see details). B^ is the outside casing of pump cylinder. 
_B^ valve chambers. B^ water chamber. B^^ air vessel. A, 7^, are ''goose neck" discharge pipes, 
to which the hose is attached. These pipes are fitted on the inside face with sliding valves, 
worked from the outside by the handles B^^^ B^^. i?^^ (front elevation), is the hose. B^^ is the 
suction or supply pipe. 

Q is a small steam cylinder, fitted with piston valves to be moved by the tappet arm, 6^\ in 
connection with the tappets, (7^, C^^, at the termination of each stroke, to admit and exhaust 
steam alternately at the ends of the cylinder, J9. G^ is the exhaust pipe from cylinder, C, A 
pipe, fitted with throttle, leading from the steam chamber, N^ is admitted between the piston 
valves in the cylinder, 6^. The exhaust is eff'ected on the outside (as shown), through the pipe? 
<7^. The supply steam pipe to this cylinder is not seen in the engraving, being on the opposite 
side to thatfrom which it was taken. The steam cylinder, D, is fitted with a piston used for the 
purpose of shooting over the steam engine valves and pump valves, directly before the com- 
mencement of each stroke. JE is the steam cushion (described hereafter in the reference to the 
sectional details), i^is a rod connecting steam engine with pump valves, to which is also attached 
the small piston of cylinder, 2), and the cushion piston. 

6^ is a small cylinder, fitted in the ends with gum cushions, against which a dash, or plate, 
fitted on the rod, H^ comes in contact, after receiving motion from the tappet arm. The stuffing 
boxes, t^ t^ t^ t^ contain metallic packing, as shown in section, and u^ u^ %i^ u^ u^ are packed with 
hemp or cotton wick. H^ is a handle, by which the valve rod may be moved at pleasure. H^^ 
BP^ are oil cups for lubricating the valve chambers, A^ and C. 

H^ is a small steam pipe for supplying cushion. H^ is a pipe connecting the water chamber 
of pump with the water tank, to keep up a supply of water for the generator, and to communi- 
cate the pressure of the water in the pump to the water tank, which, being superior to the pressure 
in the steam generator, a continual supply of water to the generator may be insured, without 
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the aid of the pump attached to the engine. H^ is an air vessel inrimediately connected with the 
suction, for the purpose of decreasing the effect of the ram of the suction water, at the moment 
the valves pass over and close tlie ports. 

-£^^ H^:, are lugs on the steam cylinder and pump, to which the braces, H^^ H^^ are firmly 
connected. ^^ is the lamp. I is the fire-box, containing the steam generator. I^ the fire-door, 
/^ the fire-door frame. The pipe I^ conducts the steam from the generator to the lubricator- 
JK^ is the outside casing of the generator. L the chimney. M is the lubricator, resting upon 
the patform, M'^. 

A portion of space in the lubricator contains w^ater, through which the superheated steam is 
passed, and becomes charged with its due complement of water, before being conducted to the 
steam chamber. The usual working height of the water in the lubricator is eight inches. The 
remaining space is occupied by steam. The pipe, /^, from generator, is conducted to withui l-l 
inch of the bottom of the lubricator. The steam therefore passes through 6J inches of 
water, and is conveyed through the pipe, ilf^, to the steam chamber, N, The steam in passing 
through the generator rapidly conveys jets of water into the lubricator, which is propoi'tional 
to the supply the generator receives from the force pump. By this operation the lubricator 
receives a supply of water which can be easily regulated. 

A steam pipe, M^^ and. water pipe (not shown), from the top and bottom of the lubricator, 
respectively connect to the stand pipe, M"^, This stand pipe is fitted with a water gauge and gauge 
cocks, for the purpose of indicating the height of the water in the lubricator. M^ is the 
safety valve, fitted to the lubricator. Jf^ waste pipe of safety valve. To the lever of the 
safety valve is attached the spring balance, M"^^ fastened at its lower end to the steam 
receiver, as shown. M^ is a steam whistle. It is generally used for the purpose of whistling 
w^hen a fire has been extinguished, as an indication that the presence of other engines is 
unnecessary. ikf^, J/^, are steam gauges, having pipes connecting with the steam receiver. 
M""^ is a speaking tube, through w^hich the engineer gives orders to the fireman. 

N"^ is the water-tank for supplying steam generator. is the force pump, bolted to 

the steam cylinder, and worked by the tappet arm, (7\ O^ is the stand pipe, or valve chamber 

of force pump, 0. 0^ is the discharge pipe. P is a double-acting hand force pump, used 

before the engine is in motion, for supplying the generator with water. P^ barrel of pump. 

P\ P^, valve chambers. P^ pump piston rod. P^ links or side rods. P^ stand. P^ hand 

lever. A long movable socket lever (see details) is used to fit on the lever, P^, so that it may 

be easily worked by hand. P^ is the air vessel. Both the hand and steam force pumps are 

connected at P^ with the same supply pipe, P^, and at P^ with the same discharge pipe, P^^ 

0^, front elevation, is a cock in the supply of steam force pump, to which is attached a 

finger and dial plate, to regulate the supply of water. Q^ Q^ Q^ are brackets for supporting the 

suction, P^^ E^^ is the strainer of suction. It is a cylinder of copper, having, at regular distances 

over its entire surface, a number of half inch holes. This cylinder is covered with copper net 

work, forming a fine strainer. The suction is made of gum, or vulcanized India-rubber, supported 

from the inside by thin flat iron rings, nearly close together in its entire length. It is covered 

with canvas. The suction always remains attached, and when not in action, is brought round 

and supported on the brackets, Q^ Q^ Q, 

P is the hind axle of the wheel P\ extending across and below the fire-box. The springs, 
P^5 are connected to the axle, as shown by the dotted lines. On the ends of the springs, the 
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links of straps, JR^^ connect tliem witli the straps, H^^ wliicli turn at right angles, and pass across 
the fl]'e-box to support the weight W is an axle brace between the axle and end of fire-box. 
H^ is a hog or brace connecting the fire-box with frame at JK^, M^ is a pipe from pump, to 
which are attached three pipes, i?^, passing round three sides of the fire-box. In these pipes? 
facing the inside of the fire-box, a number of small holes are drilled, to admit of jets of water 
being thrown upon the ashes of the fire, to prevent them causing the .wheels to take fire. 
A stop valve, JR}^^ is fixed in the pipe, i^^, to be opened only when necessary by the firemen, 
with the aid of the rod, i2^\ and wheel, iS^l 

At the centre, S^ of the straps, /S"^, S^^ rods or shafts pass across the fire-box, carrying on 
their extremities bi>ake arms, /S"^, yS^^, and brakes, 8^^ S^, On the opposite side to that from 
which the engraving was taken, a lever, /S"^, is attached to the brake arm. At the end of the 
lever is fitted a small chain pulley, 8^, A chain, from the axle of the hand wheel (worked 
by the brakesman), passes over this pulley, and connects to a similar lever on the brake-arm 
of the opposite side. By this arrangement, the brakesman can apply or release the brakes 
at one and the same moment. 

The bolts, v^ v^ connect to the holding-down bolts, 7^, /^, Z^, I^ (see details). The outside 
casing of the generator, K^ is secured to the fire-box by four bolts, lo^ %d^ w^ w^ on each side of the 
casing, ^, x^ x^ x^ are the chimney tie rods, T is a platform, or engineer's stand, with railing, 
T^. T^^ T^, is a circular platform, encircled by railing, T^, T^. The top of this railing, and 
that of the engineer's stand, is a tube, into which the vertical stands (also tubes) are screwed. 
The platforms, T^, T^, rest upon the brackets, 2'^, T^^ bolted to the frame of water tank. 
From the ends of the brackets, staj/s are bolted, which connect with the circular disk, Z7, to 
w^hich the frame of engine is bolted. A pin projects from the disk, fT, on which the disk, V^- 
and forw^ard running gear turns. This arrangement allows of the axle of the forward running 
gear being turned to an angle of 45° with the central line of frame ; thus the machine may be 
turned in a circle, of which its forward length is the radius, and the fire-box the centre of 
motion. IF, TF, are the forward wheels, constructed of wood, with wrought iron tires. W^ 
is the axle. TF^, TF^, the springs connected to the frame by the links W^^ W^^ TF^, W^. 

Due attention has been paid to the strength and lightness of the frame, by which the 
weight of the forward part of the machine is communicated to the springs. Longitudinal bars, 
W^, W^, are connected to the disk, F. To the bars, TF^ TF^ the transverse bars W^, W\ W\ 
W^^ are bolted. On the extremities of the two outside bars, the links connecting them with the 
springs are attached. To the transverse bars and disk, F, is bolted the reception frame, TF^, of 
the tongue, TF^. The tongue and reception frame are constructed of wood. To the inside 
transverse bars, a platform, X^ is bolted. 

DESCRIPTION OF DETAILS. 

Fig, 3 is a longitudinal section of steam pump. A is the steam cylinder, 9 inches in diam- 
eter, and admitting of a 26-inch stroke. A^ is the piston. A short description of this piston w^ill 
suffice to show its simplicity of construction, and efficiency of action, a is the piston head, h the 
rod. The rod is turned down at the end from its full size, 2 inches diameter, to 1| inch, to form. 
a collar on the rod for piston head, and is also tapered down to 1|- inch, a length of 2f (the 
central thickness of piston). The piston head, a, is bored conically to fit the rod. c is the 
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follower. The whole is secured by the nuts on the end of the rod. d^ d^2,\^ the outside rings, 
|-th of an inch in thickness in the parts between the head and follower, and yVths in the parts 
covering them. These rings are turned to exactly the same diameter as the cylinder, e is 
the inner ring, f th of an inch in thickness, turned rather larger in its outside diameter than the 
inside diameter of the outer rings. "When the rings are cut and placed in their proper positions 
in the piston, the outside ring will be pressed tightly to the cylinder by the elastic force of the 
inner one, in its tendency to resume its original diameter. The rings are retained in the piston, 
and make a perfectly steam-tight joint, in the manner shown in the engraving. The outside rings 
cover the entire thickness of the piston, a thin portion of each covering the head and follower, 
not making a close joint, but leaving space for the admission of a thin annular body of steam 
between the head and follower and outside rings, which serve as an additional packiug force. 
A?\ A}^ are alternately steam and exhaust ports. A? is ^ the steam port connecting wdth the 
induction pipe, leading from steam chamber. A^^ A^^ are balanced piston valves. These pistons 
are constructed in the same manner as the one described. Annular recesses and bridges are 
formed in the valve chamber, in connection with the steam ports, to balance the pressure of 
steam upon the piston. A^^ A^^ are exhaust ports. A'^ is the exhaust pipe leading to chimney. 
£ is the pump cylinder; JB'^^ the outside casing; JB^, the piston; jB\ £\ ports for the admission 
and discharge of water; JB^^ port directly connected with the suction, for the admission of water; 
jB^, valve chamber ; JB^^ JB^^ piston valves, which are moved instantaneously, directly before the 
commencement of each stroke, for the admission and discharge of water. /, /, ^, g^ are bridges 
and recesses, as in steam valve chamber, to equalize the pressure upon the piston in passing 
over the ports; £\£^y discharge ports; J3^ yWa>tev chamber; JB^^^ air vessel. 7i^ 7i (see front 
elevation), are "goose neck" discharge pipes, to which the hose is connected. These pipes are 
fitted on the inside faces with sliding valves, worked from the outside by the handles, jB^\ jB^\ 
is a small steam cylinder, fitted with piston valves, ^, ^, to be moved by the tappet arm, G\ 
when in contact with the tappets, (7^, (7^, at the termination of each stroke, to admit and exhaust 
steam alternately, on the ends of the cylinder, D. Steam is admitted between the piston 
valves, % i] the exhaust is effected from outside the valves. C^ is the exhaust pipe leading to 
chimney. The steam cylinder, i>, is fitted with a piston, D\ used for the purpose of shooting 
over the steam engine and pump valves, directly before the commencement of each stroke, ^is 
the steam cushion cylinder, fitted with piston, ^\ j^ J^ are the steam ports, to the centre of 
which a steam pipe, leading from the steam chamber, is connected. The cushioning is effected 
by the piston passing over the ports, and compressing the steam in the ends of the cylinder. 
When the compressed steam has attained a sufiicient elastic force to overcome the momentum 
of the valve rod, F (to which the steam valves, pump valves, steam piston, i)\ and cushion 
piston, F\ are all connected), and is brought to rest, the piston valves will have arrived at the 
proper position in the valve chamber, for the admission and discharge of water. By the admis- 
sion of steam alternately at each end of the cylinder, i), the piston valves are shut over almost 
instantaneously, and brought to rest by the cushion, directly on the commencement of each 
stroke of the main piston. By this arrangement, steam is admitted full port instantly, and con- 
tinued throughout the stroke, and has an unusually free exhaust. The pump valves being 
changed by the same action, possess the same advantages. 6^ is a cylinder, fitted with gum at 
the ends, i, h^ to which a dash, ?, fitted on the rod, jET, comes in contact, after receiving motion 
from the tappet arm. Steam under full pressure, as before stated, is continued throughout the 
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entife stroke, no attention "being paid to the economy of steam "by expansion, as it is necessary in 
a steam fire engine to have great power and simplicity, with the least possible amount of weight. 
The arrows illustrate the direction of water and steam in the position of the engine in the 
engraving. It is necessary, however, to add that in the engraved position, the tappet arm, C^^ 
has moved the piston valves, i^ i\ steam has been admitted through the port, m; the valves 
have shot over, and the main piston commenced its stroke in the direction of the arrow. The 
stuffing boxes, % t^ t^ #, contain metallic packing, on the same principle as the pistons, the 
rings merely being reversed, in order to pack inward. The stuff boxes, u^ u^ u^ u^ contain 
hemp packing. 

Fig. 4 is a longitudinal section of boiler, water chamber, and steam chamber. Figs. 6 and 6 
are horizontal sections of boilers. jT is the fire-box, formed of wrought-iron plates, firmly 
riveted together ; V" is the fire door ; P the fire-door frame. In the fire-box, at the distance 
of an inch from the sides, is formed a continuous coil of IJ pipe, a section of which is shown on 
Fig. 6. P, P, are vertical malleable cast-iron pipes or boxes, to which the horizontal pipes 
are connected, leaving a space for firing (see Fig. 6). These vertical pipes or boxes have 
partitions in the inside, forming return for the horizontal pipes, so as to insure a complete cir- 
culation of water through every pipe. 

Commencing with the pipe /^, are five flat coils of 1 inch pipes put together, with return bends 
(see Fig. 5). By turning the last bend over, so as to rest on the bars, n^ n^ 7^, n^ &c., shown 
in section, each layer of pipes intercepts the opening of the one immediately above and below 
(see Fig. 5). Above the 1 inch pipes, are four layers of \\ pipes, three of 1|, and three of 2 inches, 
the whole forming a continuous line of pipe through which water is forced and steam generated. 
The usual working height of the water is at the second coil of 1 inch pipes, P. Above this 
point is steam space, where the steam becomes highly superheated, and passes from the generator 
through the pipe, P^ into the lubricator, Jf (see Fig. 1). P^ are supports for the pipes, bolted 
to the angle iron of fire-box. The whole coils of pipes are bolted down by the four bolts, 
Py^P-i P-i P^'^^^^mg over the top, and joining the ring, P. A^ is the exhaust pipe from steam 
valve chamber. M^ is the waste steam pipe from safety valve. ^ is the outside casing of 
generator, resting upon the angle iron of fire-box. The casing is double^ to the height of 
28 inches, and admits of jets of air through the holes, o, o, o (see Fig. 1). L is the chimney. 
The fire-bars, ^, ^, rest uj^on the brackets and bars, q^ q^ r^ r, the brackets being bolted to the 
angle iron of fire-box, and to the bars, s^ s^ which support the entire weight of the generator^ 
upon the springs of the hind running gear. N is the steam chamber, separated from the fire- 
box by the plate, N^. N^ is the water tank. The plates, N^^ iV^, separate the water and 
steam chambers. The water tank is supplied with water from the main pump chamber, as 
previously described. The pipes forming the steam generator are screwed in reverse direction 
on the ends, or have what is termed a right-hand screw on one end, and left on the other. 
With this arrangement, the pipes are easily put together, and in case of any of the pipes giving 
way under the pressure, they can be replaced with little loss of time. 
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TENDER FOR THE LOCOMOTIVE "TALISMAN." 

The "Talisman" is a locomotive built hj the New Jersey Locomotive and Machine Com- 
pany, and tlie following description of its Tender includes all the details that can he regarded 
as necessary, to which are added a few general observations : 

Flate XZZZZ— Side elevation. Fig. 1. Half of the front elevation. Fig. 2. Half of the 
back elevation, Fig. 3. Plan or top view, Fig. 4. View of a transverse section through the 
truck, Fig. 5. Wheels and axle. Fig. 6. Brake arrangements. Figs. Y and 8. Water tank, 
occupying both sides and the rear part of the Tender, A^ Fig. 1. Framing, A^^ Fig. 1. Buffing 
timbers, A^ A% Figs. 1 and 4. Cast iron back coupling, A^^ Figs. 1 and 4. Frame beams, 
A^ and JL^, Figs. 1 and 4, and A^^^ Fig. 4. Centre bearing beams, A^ and A.^ A^^ Fig. 4. 
Bumper beam, A^^ Fig. 4. Centre^ casting, JL^^, Figs. 1, 4, and 5. Side bearing, _g^. Fig. 1. 
Equalizing levers, JB\ Spring hangers, £^. Spring straps, JB^. Brake, (7^1 Brake cross bar, 
C'^\ Brake rod, OK Bracket wheel, O. Foot pin, G^. Spring, C\ Brake springs, P. Brake 
lever, Q\ Brake lever holders, 0^. Brake rod, 0^\ Brake rod and chain, 0^ and C^. 
Hanger for suspending the brake, <7^l Bracket for hangers, D. Truck pedestal, J5^. Truck 
frame, B^. A wedge, ^^, to take up lost motion between Tender and locomotive. Manhole, i^, 
to get into tank. Wheel, 6^, for tank valves. Tank valve, JS. Four pedestal braces, £^\ 

The tank is made of iron plates. No. 9, wire gauge, one-eighth inch full, riveted together 
with angle iron frames, top and bottom, and braced inside with angle iron also. The frame 
is made of oak timber, tenoned together, fastened with cross bolts, and bound all around with 
iron plates, three-sixteenths- of an inch thick. There is a casting secured on each end of the 
Tender, to receive the draw pins. The space between the two wings of the tank is to contain 
the fuel. The frame and tank are carried on two four-wheeled centre bearing trucks. The rear 
truck has two side bearings, besides the centre bearing, fastened upon the frame, to steady the 
Tender, and also to take part of the weight off the centre pin, the rear part of the tank being 
considerably heavier than the forward part. The brake appliance is very simple, and is con- 
trolled with one hand wheel, (7; at the same time it is very efficacious^ acting on the eight 
wheels of both trucks at the same moment. 



&EAEED SCREW PROPELLER ENGINES, FOR THE STEAMSHIP ^'CAROLINE," 

OF HAVANA, 

The geared screw propeller engines for the steamship " Caroline,^^ of Havana, were designed 
and built by Reaney, Neafie & Co., at the Penn Iron Works, Philadelphia. They include 
two cylinders, 40 inches in diameter, 36 inches stroke, and are completely illustrated in Plates 
XXIV., XXV, XXVI., XXVIL, and XXIX., the various parts being presented in minute detail 
The steamship ^'Caroline" is a merchant vessel^ and is designed to run with great speed, as a 
passenger boat, on the coast of Cuba. The cylinders are placed in the boat transversely, side 
by side, as seen in Plate XXIV. Below the cylinders are the condensers, upon which are 
placed the brackets, A^ A\ and B^ B^^ PL XXIV., which support the cylinders. The 
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brackets, A^ A}^ are cast to tlie bottom of the cylinders, and B^ B^^ are cast to the top of the 
condensers. The condensers rest upon D D D D^ the engine keelsons. JE^ is a pedestal, 
which operates to ease the forward action, or 'Hhrust," of the shaft npon the journals, by which, 
otherwise, the shaft may be displaced through the wearing of the journals. E^ is the 'Hhrust 
collar,'^ bolted to the top of the pedestal, to prevent the propeller-shaft working to one side, 
as is always the tendency of screws. are the bed plates for the condensers and air- 
pumps. O^ O^ are the air-pumps. (7^ (7^ are the waste water cases, cast to the air-pumps ; 
on the top of these cases are the hot wells, O^ O^^ with the air-chambers, 6^^ 0^. The waste 
water is conducted from the hot wells through the pipes, O^ (7^, and the outboard delivery 
valves, O^ (7^, into the ocean. The steam is carried from the boilers to the steam screw stop 
valve, A^^^ and enters the steam chests, A^"^ A^^^ through the intermediate pipe, _A^^. A^"^ A^"^ 
are the steam chests, for the cut-off valves, of which JS^ H^ are valve stems. P V are valve 
stems for the steam and exhaust valves. A}^ A}~^ are the escape pipes for the exhaust steam, 
conducting the exhaust steam to the condensers. A} is a cylinder brace, bolted to the flanges 
of the cylinder, J.^ A^, A^ A^ and A^ A^ are the cross-head guides, placed upon the cylinder 
flanges, two upon each. A^ A^ A^ A^ are diagonal braces, for the protection of those guides. 
Two shafts, E^ F\ have their bearings on the condensers, and have, at their extreme ends, 
spur wheels, E^ E% to operate the pinions, B^ B\ the latter being keyed to the propeller 
shaft, B. (See Fig. 1, PL XXV.) 

At the extreme ends of the main cross-heads, B^ B^^ (PL XXIV.) are placed the connecting 
rods, B^ B^^ and B^ B\ one on each side of each cylinder, and connected with the cranks, 
F' B' B' B\ of the spur wheels, B^ B^ B^ B\ The cranks are cast to the spur wheels. 
The upward or downward movements of the pistons, connected with the piston rods and cross- 
heads, and in the extreme ends of the cross-heads, the connecting rods, reaching to the spur 
wheels, cause the revolving motion of the wheels, and, through them, that of the shaft, by means 
of the pinion fastened to it. The movements of the air-pumps are brou^ght about through the 
main cross-heads, operating by means of small rods upon the air-pump levers, B^^ B^^, which 
turn on the centres, B^^ B^\ At the other end of the levers, B^^ B^\ small rods, B'^^ B^\ 
connect with the air-pump cross-heads, and give them the desired motion. G G G G are 
the feed-pumps. G^ G^ are the flanges to which are bolted the feed-pipes connecting with 
the boilers. G^ G^ are the suction pipes, connecting with the hot well cases, O^ (71 G^ G^ 
are the flanges, bolted to the hot well cases. G^ G"^ are the glands for the stuffing boxes. 
G^ G^ are the ends of the air-pump cross-heads, which hold the force-pump plungers, G^ G^. 
G^ G^ G^ G'^ are the air-pump guides, two for each pump. 

A very ingenious arrangement is shown in the manner of applying the eccentric 7j in connec- 
tion with two eccentric hooks, B B^ and the eccentric rods, B B^ the latter being fastened 
to the eccentric. Another eccentric, which is placed on the opposite side of the engine, is not 
- shown in this Plate (XXIV.). The main valve rock shafts, P B^ have double arms, B B^ 
made solid to them. The double arms are for the purpose of reversing the engine. The 
eccentric hooks, P /^, are placed at either end of the arms, and admit the steam to the cylin- 
ders, in such a manner that the motion of the engine will be reversed. Two levers, /^ B^ are 
fastened, one to each main rock shaft, for the purpose of operating. the steam valves, which are 
connected with these levers by means of links with the steam valve stems, B B. The motion 
of the expansion valves is produced by the eccentrics, HH^ in connection with the rods, H^ H^^ 
the levers, H^ H^^ and the expansion valve rock shafts, H^ H^, The arms, H^ H^^ are fastened 
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bo the rock shafts last named, and connected by means of two links, to the expansion valve 
stems, H^ H^^ the latter being fastened to the expansion valves. 

Plate XXF, Fig. 1, is a view of the transverse elevation of the starboard engine, showing 
the propeller shaft, ^; the pedestal, ^°; the collar, JE\ ^uA friction rings, ^^ Also, the shaft 
pillow blocks, E^ W ; the pinions, E^ JE^ ; the condenser, B ; the nozzle for injection pipe, .S^, &c. 
The letters nsed in the view of the side elevation are nsed in the same connection in this view. 

The boilers are illnstrated by Plate XXIX, Figs. 98, 99, and 100. They are of snch size and 
construction as admit of an abundance of steam when driving the engines up to thirty-five revo- 
lutions. Their form and design are of such nature as to entirely preclude any danger from 
explosion, with ordinary care; safety being the first and principal feature consulted by the well- 
known builders of these engines. 

The details of the ^engines and boilers are illustrated in Plates XXV; XXVI, XXVII, and 
XXIX. 



PATENT EOLLING MILL OF THE TEENTON lEON COMPANY. 

Plate XXFXZZ— -This plate represents an upright rolling mill, for making heavy beams for 
building purposes, to the manufacture of which the Trenton Iron Company gives special atten- 
tion. This mill was built at the works in which it is in operation. The dimensions of the prin- 
cipal parts are as follows : Distance between centres of rolls, 24 inches ; length of outside rolls 
between journals, 2 YJ inches ; diameter of journals, 11 inches; height of framing, 10 feet 
8 inches from the point of support at bottom ; length of framing from outside to outside, 8 feet 
6 inches; width of framing, 4 feet 2 inches; dimensions of uprights, 8 inches by 9 inches; 
diameter of propelling shaft, 11 inches ; diameter of cog wheel, 4 feet 2 inches, measured on 
pitch line ; diameter of driving wheel, 8; feet 3 inches, measured on pitch line ; diameter of up- 
right shafts of spur pinions, 10^ inches ; diameters of spur pinions, 24 inches. 

The ground line of the mill coincides with the bottom of that part of the frame marked jf>^, 
and is shown by the extended line in Fig. 1. The frame-work rests upon the timbers C^ O^ G^ O^^ 
which are supported by substantial stone walls. The plate represents only the finishing rolls, 
with the parts connected therewith, which is ample for the purpose of fully illustrating the mill. 
It is proper to understand, however, that the mill has another frame and set of rolls, correspond- 
ing in all respects, excepting in the shape of the grooves, with the one represented by the plate. 
In each set of rolls are four grooves. Of these all are in use in the roughing rolls, and three 
in the finishers. Their shapes may be seen in Fig. 19, and the form of the pile in Fig. 18. 

This mill is the invention of William Borrow, who in its construction had chiefly in view the 
attainment of means by which rolls of large diameter and corresponding strength might be 
employed, with the advantage of rolling in both directions, and with less lift from the lower to 
the upper grooves than if the rolls were placed in a horizontal position. In connection with this 
he made another important innovation upon the common system of rolling, by introducing the 
friction rolls P E^ placed upon the horizontal stationary axes, P'^ ^\ and set in motion by con- 
tact of the bar in process of manufacture. This arrangement is most valuable in the manufacture 
of deep T bars, as through its agency direct rolling action takes place at the same time upon the 
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web and tlie stem of the, bar. The necessity of cutting deep grooves to receive the stem of the 
bar is also avoided, and the strength of the rolls thereby remains unimpaired. A T bar, with 
web six inches wide and stem nine inches deep, has been successfully manufactured by this mill 
in large quantities, and it is believed that no other mill in existence is capable of producing a T 
bar of equal dimensions. 

Figs. 14 and 15 represent side and end elevations of a convenient device for combining the 
effect of two hooks in one. The plate B is duplicated, as seen in the end view, and the hook 
plays between the two plates. When the iron is on the level of the lower grooves, it is sustained 
and moved on the point of the hook A^ which is then permitted by the workman to drop below 
the position shown by the figures, the pin 4, which is firmly attached to the plate B^ acting then 
as the fulcrum, and the pin 5, which is attached to the lever, rising from its seat and playing 
freely in the slot B'^. When the iron is upon the level of the upper grooves, it is supported and 
moved upon the part A}^ which is then elevated sufficiently to throw the pin 5 upon its seat at 
the end of the slot 5^, thus changing the fulcrum from 4 to 5, and securing for the workman 
nearly the same leverage in both cases. 

The cast-iron ring, Fig. 12, is marked I^ in Figs, 1 and 2, and represents the form of the 
bearings under the ends of the vertical rolls, the projections represented in the detailed view 
serving to prevent the rings from turning when the mill is in motion. These rings are chilled on 
their upper surface, and are supplied with oil from the upper end and through the body of the 
vertical rolls, which are cast hollow and made to act as oil reservoirs for the rings and lower 
journals. 

The cross-head is shown in detail by the side and end elevations. Figs. 10 and 11. A"^^ of 
Fig, 10, represents the bearing for the upper journal of the middle vertical roll, E^ B^ the axes 
for the friction rolls, and B"^ B^ the parts b j which the cross-head is secured to its place in the 
framing. To these the ho\i^ B^ B^ are attached. By their agency in raising, and the reverse 
action of the keys B^^ B^^^ the position of the cross-head and friction rolls may be accurately 
adjusted at will. Referring to Fig. 1, the key B^^ will be seen to bear upon the casting i)^^, and 
through it to act upon the cross-head at B'^. The casting, B'^\ is shown in section, and is weak- 
ened at the back, for the purpose of breaking under unusual strain, and thus relieving the pres- 
sure upon and preventing the fracture of more important parts of the mill. This block is of 
little value, is never fitted with care, and if broken can be easily replaced. 

The present superintendent of the Trenton Iron Works, by whom the hook we have already 
described was devised, has also applied springs to the guides of this mill, by which they are kept 
constantly in contact with the rolls, and the danger of breakage or delay from the iron running 
under them and around the roll, which was at one time a serious difficulty, is now no greater than 
in a common horizontal mill, where the contact of the guide is maintained by its own weight. 

.With the mill we have described were produced the first solid rolled beams made in this 
country. Its products have been extensively applied by private parties, and by the United States 
government in public buildings, in nearly every State of the Union. 

The mill makes thirty-five revolutions per minute. ¥/ith regard to the necessary power to 
drive it, we will suppose that the engine be connected directly upon the principal shaft, and that 
the fly-wheel be upon the same shaft, when the dimensions and other points of the engine will be 
as follows : 
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Diameter of steam cylinder, 

Lengtli of stroke (cutting off at flve-eigliths of stroke) 

Pressure of steam to square inch. 

Revolutions of engine fly-wheel, per minute. 

Weight of fly-wheel, . 

Diameter of fly-wheel, 

Number of plain cylinder boilers. 

Diameter of boilers, . 

Length of boilers, 



. . 




30 inclies. 


troke) 




42 " 
80 lbs. 
60 
. 26 tons. 
20 feet. 

6 
36 inclies. 
40 feet. 



DIRECT-ACTING SCREW-PROPELLER ENGINES FOR THE UNITED STxiTES 

FRIGATE "NIAGARA." 



The engines of the United States frigate Niagara are illustrated in Plates XXX., XXXI, and 
XXXIII, representing a plan, side and front elevations, and detailed drawings of her engines. 
She is provided with three cylinders and condensers. The cylinders are '72 inches internal 
diameter, and allow 36 inches stroke for the piston. The diameter of the screw is 18 feet 
3 inches, and the blades of \hQ screw are set at 30 feet pitch. The total heating surface of the 
boilers is 17,960 square feet, and 448 square feet of grate surface. The boilers have twenty-four 
furnaces : each is 7 feet 6 inches long and 35 inches wide. 

The engine shaft makes on an average 46 revolutions per minutS, cutting off steam at 17 inches 
from the commencement of the stroke, with a pressure of steam in the boilers of 15 pounds upon 
a square inch above the pressure of the atmosphere. The speed of the frigate Niagara is on an 
average 10 knots per hour. One knot is equal to 6,080 English feet. The slip of the screw is 
36 per cent. The immersed midship section of the ship is 910 square feet. 

Figs. 1, 2, and 3, Plate XXX., represent respectively a plan and side and front elevations, to 
which the following is a literal reference : 

Tlie ied'plates^ B^ _S\ and E^^ 3 inches thick, are secured to the keelsons, B^^ by 2^ holding- 
down bolts, and nuts, j5*, as shown in section. Fig. 3. At one end of the bed-plates are the 
cjdinders, A. A A^ and at the other or opposite extreme, in the cases D D D^ are arranged by a 
series of diaphragm, the condenser, the reservoirs or hot wells, the air-pumps, E^^ and the feed 
pumps, W^^ with their appendages, as shown in dotted lines. 

The cylinders^ \h^ivoxit ^n^^ of which are cast solid, are 72 inches internal diameter, and 
36 inches stroke, and rest upon the upper part of the bed-plate, -S\ and are secured to it by 
bolts and nuts, through the flanges, A^. 

The condensers^ reservoirs or hot wells, air and feed pumps, contained in the castings, D D D^ 
are secured to the bed-plate, keelsons, and flooring by the flanges, B^. 

The guides^ in which the ends of the cross-heads, ^^, furnished with boxes, work or slide, are 
formed by the upper part of the bed-plate frame, B^^ and a piece parallel to it bolted to a corre- 
sponding projection cast on the solid cylinder head to receive it. 

The piston-rods^ B^^ of which there are two to each cylinder, placed relatively as indicated by 
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the conical chamber, A^ (Kg- 2), in the cylinder cover, ^4, made to receive the nuts which secure 
the follower and fasten the cones to the pistons, are fitted to and secured by means of cones and 
nuts to the upper and lower arms, JS^^ and connected , by couplings to the rods JEJ^, and with 
similar couplings at the opposite end to the air-pump piston-rods, ^^. The connecting rods, ^^, 
coupled to the lower steam piston-rod, attach by similar means to the feed-pump plunger, JE"^. 

The screio shaft^ (7, 19-|, 17^, and. 16 inches diameter, with bearings 17 J, 15f, and 14f 
inches diameter, and 27, 25J, and 24J inches long, is of wrought-iron, and revolves in its 
bracketed pillow blocks, furnished with gun metal boxes and caps, J5^, secured by powerful 
bolts, 3, and nuts, 4. 

The main connecting rods^ E IE JE^ also furnished with composition boxes, are strapped, 
keyed, and bolted to the cross-head and crank journals, C^^, respectively. The diameter of 
cross-head journal is 10^ inches, and of the crank, 15^ and 13^ inches. 

The valve geer consists of a rock shaft and its levers, connected, by means of rods, to the 
eccentrics and valves. 

The rock shafts^ _Z^^\ are supported by brackets, F'^'^^ bolted to the solid cylinder heads, 
while they rock in the capped bearings, ^^l The rock shafts are armed with two levers, i^^^, 
studded to receive and carry the links, -F^^, which attach to the wrought-iron valve cross-head, 
ij^^^, and are fastened to the coned end of the valve rod by nuts. F"^^ are levers at the ends of 
the rock shafts, to which the blocks in the curved link, i^^\ are fastened. F^^ and F^^ are 
straps on the driving and backing motion eccentrics, bolted at F^"^ to their rods, F^^ and F^^^ 
and further connected by eyes and bolts to the curved link, at F^^ and F^^ respectively. 

The reversing geer consists of a hand-wheel, F^ fastened to the rod, ^^, which, according to 
the motion imparted by exigency or necessity, also imparts a corresponding motion to the curved 
link, by means of beveled geer, F"^ and F^ (best seen in Fig. 3), and shaft, F^. On the other 
end of the same shaft is a screw, represented in dotted lines, which works a corresponding wheel 
^^, keyed to the reversing shaft, F^. This shaft is also armed with a series of levers, F^^ con- 
necting them by the rods, F^^^ to the lower extremities of the curved link, which is kept in its 
radial position, while moving up or down, by the rod i^^^, fastened to the curved link at one 
end, and to the frame, at F^^^ on the other. 

The " slotted," or curved link motion, as applied to valves, is generally known ; there may be 
instances, however, when a few remarks would render its comprehension more facile. 

The curved link, as has been already described, is capable of moving up or down by the 
appliances of wheels and levers. It will be clear, therefore, that the valve rod will take its 
motion from the nearest eccentric. Thus, when the link is lowered, the top eccentric, when 
adjusted as is the case here, becomes the one for a forward motion ; and since the top is for that 
purpose, when lowered to the block which is attached to the valve^ rod, the lower one must 
when raised be the reverse. It is conclusive, therefore, that between these two points, the valve 
can have little or no motion. 

Bolted to the steam chests are brackets, 6^^, the lower sides of which admit of the heads, 
fastened to the steam cut-off valve rods, 6^\ sliding in it as a guide. 

The escape valves^ A^^ for priming or condensed steam, are fitted to both ends of the cylin- 
ders and worked by levers and rods, /\ /^, F. 

The steam chests^ A^ and A^^ which are supplied through the apertures, A^^^ have covers, 
AJ and A^^^ strengthened by ribs. 
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The cylinder covers also are strengthened by ribs, A^^ and an auxiliary cover, A^^ bolted to a 
corresponding flange. 

The exhaust pipes^ A^^, are bolted to tbe nozzle, ^^\ Pig. 2, and extending over all, finally 
bolted to the condenser by a flange at J5l 

The hilge pumps ^ L^ i, with their appendages, L^^ L^^ X^, and Z'^, are fastened to a projection 
cast on the bed plate to receive them, and worked by the rods i^, attached to the plunger and 
to the stem, X^, screwed into the main shaft at C^. 

The main injection valves, M^^ jET^, H^^ are worked by a combination of hand wheels, H^ H^ II\ 
small beveled gear, H'^^ H^^ H^ ; rods, J^^, ZT^, H'^ ; upright spindles, ZT^, H^^ JS^^ as seen in 
Figs. 3 and 4, Plate XXX., representing a front ' elevation and plan of the engine. The water 
for the main injection valves, jET*, H^^ H^^ is obtained from the ocean and conducted through a 
pipe connecting with a hole made in the hull of the ship. This pipe is carried from the hull of 
the vessel underneath the condenser to the lower flange of the main injection valves, ZT^, H^^H^. 
The water, inflowing through the injection valves, is regulated by means of a screw valve, and 
enters the strainer placed horizontally in the condenser. The strainers have numerous holes on 
their top sides, to let the water enter the condenser and come in contact with the steam which 
is to be condensed into water. The condensed steam and injected water, now on the bottom of 
the condenser, is carried off by the air-pumps, which are placed within the condenser, and is 
forced into the ocean or river through the waste water pipes, D^, i>^, i)^, connecting with the hull. 
The bilge water injection valves, IP^H'^^IP^ are used in case of leakage of the vessel, and 
then the condensers receive their supply of water partly or entirely through the bilge injection 
valves instead of the main injection valves. To the bilge injection valves are attached pipes 
placed within the condenser, with an upright elbow, widened on the upper extremity, to allow 
the water to be distributed in the condenser. The bilge injection valves are raised or lowered 
to their seats by screws and hand wheels. The outside bilge pipe is bolted to the lower flange 
of the bilge injection valve, and carried to the lowest point of the ship within the hull. 

The force or feed pumps, ^^\ ^^\ E^^^ are cast solid to the condenser, and extend through the 
whole length of it. The suction valve chambers, ^^^, and stop wheels, E^^ ; the feed valve 
chambers, with air vessels, ^^*, for the pump, are bolted on the back of the condenser, as shown 
in Figs. 1 and 3 of Plate XXX. 

The three steam cylinders, JL, A^ A^ receive their supply of steam for the action of the piston 
through the connection of pipes from the boilers to the steam chest branches, A}^^ A}^^ A}^^ and 
the steam exhausts or escapes from the cylinders into the condensers, i?, 2?, D^ through" the 
exhaust pipes, marked near the cylinder, A}^^ A^^^ A'^% and i)^, i>^, i>^, nearest to the condensers. 

The Griffith Screw Propeller is represented in Plate XXXIII., Figs. 44, 45, 46, and 47. The 
advantages of this propeller have been fully explained on pages 139, 144. But we have to make 
a few additional remarks concerning the setting and securing of the plates for the purpose of 
altering the pitch of the blades. As may be seen in Figs. 44 and 45, showing a longitudinal sec- 
tion of the hub and blade, A^^ representing a boss cast on either side of the blade (which is fitted 
into the hub), against which wedge blocks are fitted for the purpose of changing the angle or 
pitch ; they are held in place firmly by the keys, JL^, and the angle is made greater or less as 
the blocks are longer or shorter. A^ is a key driven at right angles to A^^ and by bearing on 
the boss, A^j secures the blade to the hub. 

25 
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The Kingston valve, as shown in Figs. 48, 49, 50, and 61, is applied to snpply water for 
various purposes. 

The bilge delivery valve, as represented in Pigs. 52, 53, and 54, is bolted by the side flange 
to the hull of the ship, and the lower flange connected with the bilge pump. At each supply 
from the bilge pump the valve is raised and the water forced into the ocean. "Without such 
supply the valve remains on its seat. 

The main, or steam valves (Fig. 56) are represented in three views, one view being a longi- 
tudinal section through the valve, and the others a top and side view of the same. 

The cut-off valves are shown in Figs. 59, 60, and 61. A longitudinal section through the 
cylinder is shown in Fig. 55, and of the steam whistle placed on the boiler, in Fig. 62. 

The boxes or brasses for the main shaft are fully represented in Figs. 63, 64, 65, 66, 67, and 68, 



SUGAR MILL, 

AS BUILT AT THE OTLES IROK WORKS, CmCINNATI, OHIO, 

Plate XXXIL — -Fig. 1 represents a plan or top view of the sugar mill and gearing. Fig. 2 
a front elevation. Fig. 3 a side view of the gearing. Fig. 4 a side view of the sugar mill and 
cane carrier. Fig. 5 is axle and wheels for the cane carrier. 

Figs, 1 and 2. — A^ A^ are the side rollers, and A^ the top roller of the mill. A}^ A\ are 
the caps for the framing of the mill. A^^ A\ are the mill frames. J.^, JL^, the bed plates. A^^ A% 
are the cane carrier frames. A^^ A^^ A^^ are the spur w^heels connecting the three rollers, and 
giving them their rotary movement. A^ and A'^ are chain wheels, attached to the ends of the 
journals of the side rollers. A^ is another chain wheel, receiving its rotary movement through a 
chain connecting with the chain wheel A\ A^ is a rope pulley. -4^^, A^^^ are two chain pulleys 
to operate one side of the cane carriage. A'^'^ is the axle to the chain wheel A^^ the rope pulley^ ^, 
and the chain pulleys A^^. Ay^ is a chain wheel, receiving its motion through a chain from the 
chain wheel A^. A^^ is the axle of the same. A^^A^^^ are two chain pulleys, fastened to the axle 
^13^. j[i5 ^g ^ spindle passing through the hollow shaft A^^^ to operate the coupling clutch in con- 
nection with the chain wheel A^^^ for the purpose of loosening the chain wheel A'^^^ which when 
loosened will turn on its own axle, and in consequence the chain wheel A^^ the axle JL^^, and the 
cane carrier connected therewith, will stop. To put these parts in motion again, move the 
coupling clutch, by means of the lever, A^^ and intermediate spindle, -4^^, to the chain wheel 
A^^^ from which they will receive motion. A'^^^A'^^^ are guards or guides for the cane carrier, 
supported by the brackets, ^^'^, A^^ and bolted through these brackets to the sides of the mill 
framing. A^^ is a bracket holding a cast-iron piece, A'^^ ; to the latter is fastened a fork, A^\ 
which serves as a support for the cane carrier beam, A^"^, A^^ is a heavy cast-iron scraper, fitting 
close to the roller which brings the cane to the mill. B (Fig. 2), is the steam cylinder, and C7is 
the crank, the latter receiving its motion through the action of the piston and connecting rod. 
The crank, <7, and pinion, B^^ are fastened on the engine shaft, BB^ by means of keys; the 
pinion, B^^ receiving its motion from the shaft, B J5, and the crank, (7, operates the spur wheel 
^^, the latter being fastened to the shaft, B^. The pinion, B^^ is also fastened to the same shaft, 
by keys, and rotates in the same direction as the spur wheel ^^, operating the spur wheel _5*. 
The latter is fastened by keys to the shaft, B^^ on one end of which, towards the mill, is a 
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coupling box, B^^ fitted to the shaft, B^^ for the purpose of receiving the breaking spindle, B^^ 
and connecting with another coupling box, B^^ which is fastened to one end of the upper roller, 
A^. The shafts, B^ and B^^ are supported in their places by the pillow blocks, B^, B^^ and 
^10^ jgn^ which rest upon the solid bed plate, B^, One end of the engine shaft, B B^ rests with 
its journal and pillow block upon the bed plate, B^^ tke pillow blocks being bolted to the bed 
plate ; the other end of the shaft resting upon the engine bed plate. The engine and sugar mill 
are by these devices fully connected together and made ready for operation. 

SIZE AISTD SPEED OF THE MILL. 

The size of the engine for the sugar mill is 12 inches bore of cylinder, and 3 feet 6 inches 
stroke of piston, with two steam boilers, each being 26 feet long and 48 inches diameter, with, 
two flues for each boiler. The size of the mill is 24 inches diameter of the rollers, and they are 
4 feet long. This sugar mill is geared 1 to 8. The speed of the rollers of th.e sugar mill is 
from 18 to 20 feet per minute on the circumference, or from three to four revolutions per minute 
by the rollers. 

Manufacturers of sugar mills in the Northern states gear their mills of this size : Not less 
than 1 to 12, up to 1 to 15 — -sometimes 1 to 16 — with, a pressure in the steam boilers of 60 
pounds upon a square inch. The speed of the rollers on the circumference is from 18 to 20 feet 
per minute. 



A. C. POWELL'S PATENT SCREW CUTTING MACHINE. 

Plate XXXIV. — ^The Patent Screw Cutting Machine, the production of Mr. Archibald 0. 
Powell, which is the subject of the present illustration, is in use at the -New York Central Eail- 
road machine shop, at Syracuse, and presents many novel and valuable features, and similar 
machines are in use in several other infportant shops. 

The Plate illustrates the machine in front and side elevations, and a plan or top view. Fig. 1, 
front elevation. Eig. 2, plan or top view. Pig. 3, front elevation. The main framing of the 
machine, A^ A^ is a solid cast-iron piece, connected by cast-iron cross braces, A^^ J[\ and A^^ A^^ 
with the auxiliary portion of the framing, also marked A^ A^ which is cast-iron likewise. The 
two cast-iron cross braces, A^^ A^^ both have journals, A^^ A\ for the main spindle, B^^, On one 
end of this main spindle, is tightly • fitted the die-box, marked jB, secured by a bolt. On the 
main hollow spindle, B^^^ jB^^, is cut a thread for the friction roller, 5^, which is fastened to the 
brass nut, B^^B^^ to work on its screw backward or forward. Two wheels, B^^ and B^^^ are 
running loose on this spindle, the latter wheel having a long hub, B^^. The coupling, O^^ slides 
only sidewise, on the main spindle, and when moved to the wheel jB^^, and coupled with it, will 
make the return motion. If the coupling, (7^, is moved to the wheel B^^^ it is coupled with it 
for cutting bolts, nuts, or bars. The sliding motion for the coupling in the main spindle is 
performed by the lever, G^ moving on its fixed centre, (7^, and connected by a wrought-iron 
lever, C^, with the cast-iron lever, O^ (see Pig. 2). The cast-iron lever, 6^^, has a stationary 
centre, (7^, and a pin, Q^^ fitting into the groove of the coupling, O^, The motion for the main 
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spindle is obtained throiigti a belt connecting the main shafting to the pnlley, jB^l The pnlleys 
are fastened by keys to the shaft, B^^. The shaft is supported by the journals, A^ and A\ and 
has two pinions, fully shown in Figs. 19 and 20, marked B^"^ and B^^ — B^"^ running into the 
wheel J5^^, and B^'^ into the wheel B^^, If the coupling, (7^, is in the centre of its sliding motion, 
as shown in Fig. 2, then both wheels, B^^ and B^^^ will run loose on the main spindle ; but if 
moved into one of the wheels, one wheel will run loose, and the other drive the spindle in the 
intended direction. A horizontal section through the main spindle, B^^ ; spur wheels, B^^ and 
B^^ ; coupling, C^ ; friction wheel, B^ ; brass nut, B^ ; and die-box, B^ is shown in Fig. 4. The 
die-holders, ^^, jB^, slide in or outward in the die-box, B^ receiving their motion and position 
from the angular levers, J5^, J5.^, the latter receiving their action by the forward or backward 
motion of the brass nut, B^^ which is firmly secured to the friction wheel, B^. A thin iron 
band, fastened on one end to the side of one of the main cast-iron frames, is laid over the friction 
roller, jB^, extending on the other end of the friction roller to the foot lever, JS®, held up by a 
spring marked 9, where, by the operation of the machine, a slight downward pressure is given to 
the lever connected with the iron band, which is forced to the surface of the friction roller, B^^ 
to prevent its rotary movement with the main spindle, B^^. This will produce the effect of 
setting the angular levers, jB^, jB^, in motion, one end of which being placed in the groove of the 
nut, _S^, and the other fitted on the ends of the die-holders, ^^, B'^. The forward or backward 
motion of the brass nut, B^^ in connection with the friction roller, B^^ if kept stationary, is 
regulated to move backward, until the attachment to the friction roller, B^^ secured to its place 
by a bolt, will come in contact with the pin, ^^, placed on the side of the die-box; by this 
operation, the dies are now in their extreme inward positions, if the thread can be cut in one 
cut, and every bolt will therefore be cut to the same size in diameter, until the position of the 
attachment, B^^ for another size bolts is changed. The machine must be reversed by the lever, 
O] clutches, Q^^ G^'y and gear, B^^ and B^^^ whenever the bolt is cut, for the purpose of causing 
the outward movement of the dies, which is done, as heretofore stated, to facilitate the immediate 
removal of the bolt from the dies. If the dies have sufficiently moved apart from each other, 
and the operator ceases with the pressure with his foot upon the lever, B^^ a friction ring, B^^^ 
illustrated fully in Fig. 23, reaching the angular lever, ^^,"is applied, tightened by a bolt on its 
groove, sufficient to move the friction roller, B^^ back on its screw, i?^\ The bolts, bars of iron, 
or nuts, are held between the holders, i)^, i)^, which are screwed together or apart by the hand 
wheel, i?, fastened to the spindle, i)^, the latter having two threads working in the nuts, Z^^, J9^ 
as shown in Fig. 3. .Z)^, D^, is a wrought-iron guide, on which slide the holders, D^^ D^\ these 
bars are connected by the round slides, 2)^, i)^, secured by the bolts, D^^ to the bar, D^. The 
slides, i?^, D^^ with their appendages, move in or outward, according to the thread of the sci'ew 
to be cut, and are supported near to the die-box, B^ by two spring bearings, as illustrated in 
Figs. 16, and by the back cast-iron brace, A}^ having two holes through it. jE'is a cast-iron table, 
to collect the oil to run into the cast-iron sliding oil-box, E^\ This oil was used for cutting 
bolts, and would have been wasted, if no provision had been made of this kind. The details not 
yet referred to are represented in Figs. 6, 6, and Y, showing the various views for the bolt or bar 
holders; Figs. 8, 9, and 10, side, front, and top views of the die-box; Figs. 11, 12, and 13, views 
of the die-holder; Fig. 14, view of the dies; Fig. 15, a section through the pulley; Fig. 17, a 
spindle for the bolt holders ; Fig. 18, the spindle for the bolt holder, with a right and left thread ; 
Figs. 19, 20, pinions.; and 21, driving shafts for the pulleys and the two pinions, B^^ and ^B^^ ; 
and Fig. 22, view of the wrought-iron guide, i)\ for the bolt holder. 
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BOLT MACHIK E, 
INVENTED BY WILLIAM SELLERS, OF PHILADELPHIA. 

This machine is intended for nse in cutting and threading bolts, and appliances for this pur- 
pose enter so generally into the outfit of shops, that the improvements presented in this machine 
are worthy of especial attention. 

In machines employed for cutting bolts, previous to the invention of Mr. Sellers, some caused 
the bolt to revolve, others the dies ; but all required either the reversal of the machine to cut 
the bolt, the reversal to get the dies off when the bolt was cut, or the stopping of the machine 
to put in a fresh bolt. In cutting long bolts, it is very inconvenient to revolve the bolt, and for 
this reason the. revolving die is preferred ; but when the motion of the die is reversed, either to 
get the die off after doing its work, or to take a fresh cut in the unfinished bolt, an amount of 
injury is done to the edge of the die greater than that caused by the cutting, as by this opera- 
tion it is very sure to break off the fine edge, so as in a short time to make a defective thread 
upon the bolt. In many revolving die machines, the dies are made in a solid block, so that in 
case of wear there is no means of adjustment. The tool must then be thrown aside before it is 
worn out, making it impossible by such a process to maintain a uniform standard of size. "When 
the dies are stationary and the bolt is revolved, it is necessary to stop the machine for every 
fresh bolt. On small work the time lost by this arrangement will be almost as much as that 
required for cutting the bolt, so that on all kinds of work it is desirable to revolve the dies, 
providing they can be as easily adjusted and operated as when they are stationary. 

The object of this invention is to avoid the necessity of reversing the motion of the cutting 
dies, or of stopping the machine to change the bolts, and at the same time to so arrange the dies 
that they can be readily adjusted to the size of the required bolt ; to be adjusted so as to compen- 
sate for wear, and to admit of the greatest facility in changing from one thread to another, or to 
tap nuts. To this end the dies,\5^^ B^\ B^\ Pig. 7, Plate XXXVIIL, are placed in a cylindrical 
piece of metal, ^^, which is called the die-box, and which is provided with radial grooves of 
such size as to receive the dies and to allow them to slide freely in a radial direction. The die- 
box, ^^, is securely attached to the face plate, B^ B^ (shown in Pig. 1), of the hollow spindle, 
which carries the spur wheel, B^^^ and its hub, _S^^, that receive motion from the pulley shaft, Q^ 
through the medium of a pinion, B^, Surrounding and sustaining the hollow spindle, B^^ B^^ B^^ 
is placed another hollow spindle, .B, having a face plate or flange, B B^ at one end. This 
spindle, B^ is bolted to and supported by the tubular piece, A^ A^^ of the frame. On the face 
plate, B B^ there are three eccentric or scroll cams, B^^B^^B^, of equal eccentricity, securely 
bolted to the face plate, leaving spaces on the edges between them of sufficient width to admit 
the dies, B^% B^\ B^\ to pass freely. On the outer surface of the cams, B^^ B^^ B\ a covering 
plate is bolted, having on its inner surface three cams, 6, 6, 6, parallel with ^the cams, B^^ B^^B^^ 
and three springs which are so placed as to form one side of the openings between the scroll 
cams, jB-^, B^^ B^^ through which the dies are inserted, and having also projections which form a 
continuation of the cams, 6, 6,^6. These springs are for the purpose of keeping the die from 
sliding out of the openings between the scroll cams, whenever the dies are opened for the 
purpose of removing the bolt, and also to govern the position of the dies when first entered, so 
as to guide them upon the cams, 6, 6, 6. The face plate, B; the cams, B^^ -S\ B^] and the 
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cover, j5^, with its cams, 6, 6, 6, are called the cam box. On the wheel, J?^^, and moving freely, 
a suitable distance aronnd the hub thereof, is provided an adjustable stop, _B^^, which may be 
securely attached to the wheel, ^^^, by means of the bolt, B^^^ Fig. 1, and having near its centre 
a projection, which is of such length as to come in contact with a similar projection on the 
wheel, J5^, thereby conveying motion to the wheel, B^^ and spindle, B^ from the pulley shaft, O. 
To put the machine in operation, it is necessary — ^first, to move the die-box, ^^, into such a 
position that the grooves, to receive the dies, shall correspond with the openings between the 
cams, B^y B^^ B^. Into these openings the dies are then inserted, and pushed forward until the 
projection on the spring falls into an opening in the edge of the die, which is made to receive 
one of the cams, 6, which cams are for the purpose of withdrawing the die from the centre. 
The dies now being in the die-holder, the next operation will be to adjust them to the size of 
the bolt to be cut. This is accomplished by slacking the set bolt, B^^^ Fig. 1, on the adjustable 
stop, B^^^ Fig. 3, and then moving the die-box, B^^ by means of the pulley shaft, (7, pinion, B^^ 
and wheel, jB^^, the wheel -S^, with the cams, B^^ B^^ B^^ being held stationary ; as this is done, 
the dies, ^^*, ^^*, ^^\ will be gradually forced by the cams, B^^B\B\ towards their common 
centre, and closed upon any finished bolt or other object to which it may be desired to set them. 
Whilst the wheels are in this position, the adjustable stop, B^^^ is moved so as to bring the pro- 
jection on B^^ near its centre, in contact with a similar projection on the wheel B^^ when the 
set bolt, B^^j may be secured. If now the wheel B^^ be turned in the same direction as before, 
it will carry with it the wheel B^, and cams, B\ B\ B^ ; and as the dies, B^\ B^\ B'^\ Fig. 7, 
and cams, jB^, _B^, B^^ will then be moving in the same direction, and at the same velocity, there 
will be no further movement of the dies in a radial direction. To open the dies for the purpose 
of withdrawing the bolt, the pulley shaft, (7, being in motion, the pinion, jB'^, must be moved 
by means of the loose collar, G\ and handle, (7^, so as to tighten the friction clutch, B^^ which 
will give an equal velocity to the two pinions, B^ and jB^, but as the pinion B'^ is larger than 
the pinion jB^, the wheel jB^, which is driven by B'^^ will move faster than the wheel ^^\ which 
is driven by B^^ thereby causing the cam box to move around the dies in the opposite direction 
to that first described, and the cams, 6, 6, 6, will force the dies from the centre. To close the 
dies preparatory to or during the operation of cutting the bolt, the pulley shaft, (7, being in 
motion, the pinion, B'^^ is forced by means of the loose collar, O^^ and handle, (7^, against the 
leg, ^\ which is here covered by a piece of leather, so as to create friction. This will cause 
the pinion to stop, together with the wheel B^^ and cams, B^^ jB^, B^. The motion of the 
wheel, B^'^^ 2^-Rdi die-box, ^^, will, however, continue, thus causing the dies, B^\ B^^^ B^\ to 
revolve as first described, thereby closing the dies until the projection on the stop, B^^^ comes 
in contact with the similar projection on the wheel, B^^ compelling it to move at the same 
velocity, when no further movement of the dies, in a radial direction, will take place. The 
cutting edge of the dies may be formed so as to cut a full thread by once passing over the bolt. 
This is accomplished by first cutting a thread in the dies perfectly straight and cylindrical, of 
such size as to fit the bolt when it has the thread cut upon it. The tops of the threads on the 
dies are then dressed off, commencing at the base of the thread where the bolt is entered, and ter- 
minating at the top of the thread, about four threads from the point of entrance. They are at the 
same time to be dressed back from the cutting edge, so as to give a clearance. Each thread of 
the dies will thus form a cutting edge, and the thread upon the bolt will be formed by a 
series of cuts, each one deeper than its predecessor, until the perfect thread is developed. To 
fit the machine for tapping nuts, a cylindrical piece of metal is provided, which is turned to fit 
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accurately in tlie hollow spindle, B^^ and die-box, ^^, having a square hole through its centre, 
to receive the shank of the tap. In its outer surface, cut a square recess of the same width as 
the grooves in the die-box, 5^, which receive the dies, ^^^, B^^^ B^\ Having removed the dies, 
insert in place of one of them, a piece of metal of the shape and size of the die, having the end 
nearest the centre of the die-box made square, so as to fit in the recess of the cylindrical piece, 
and which serves as a key to prevent the piece from turning in its place. The piece in the 
die being forced into the recess by the operation of the cam, B^^ as described in the process 
for cutting bolts, the square shank of the tap is slipped into the hole, of the same shape, in the 
piece which is put in the hollow spindle, B\ and the nut to be operated upon by the tap may 
be held by any of the numerous devices now in use for that purpose. 

The nature of this invention, which is the most perfect of its kind that has been brought to 
our attention, consists partly in causing a difference of velocity between the revolving die-box 
and its surrounding cam-box, for the purpose of opening or closing revolving dies, having their 
cutting edge cut as described. It is evident that this may be performed in a variety of ways. 
For instance, in place of shifting the handle as described, it may be held in one position, either 
so as to keep the friction clutch in gear, or to hold the pinion against the leather washer on the 
leg, thereby reversing the motion of the dies, by which they will be opened or closed, as well as 
revolved. Again, the die-box alone may be driven, and by applying friction, or by holding the 
cam-box by the band, and reversing the motion of the dies, they will be opened or closed, as 
well as revolved. When the bolt is cut, in order to withdraw it without running the dies back- 
ward, the machine may be stopped, and by turning the cam-box backward, the dies will be 
withdrawn, but they will leave the mark of the cut upon the terminal thread. Neither of these 
methods is recommended, for reasons already given, but a modification may be adopted, by which 
the die-box and cam-box can be stopped alternately, accomplishing the same result as in 
machine first described. 

Let both pinions be made loose on the cone pulley shaft, and in place of the friction clutch, 
provide a positive clutch, which will be driven constantly by the pulley shaft. This clutch can 
be arranged, as is well known to machinists, so as to throw into gear with either pinion, thus 
making either pinion a driver, whilst the other would run free. The same movement which 
throws the clutch into gear with one pinion, may bring a slight friction upon the other, so as to 
retard or stop it entirely, until it is driven by the projection on the adjustable stop before 
described. Then, by arranging the cams so that the dies will open when the cam-box is held 
still, and the dies revolved, we have an arrangement in which the motion of the dies is never 
reversed, and they are withdrawn from the bolt whilst they are revolving, so as to leave no 
mark upon the thread. 

Again, dispense with the teeth on the wheels, B^^ and B\ and in their places put flanges on 
the wheels, so as to form rims of equal diameter, suitable for a belt to run upon ; then provide 
a belt shifter and break, so arranged that when the belt is thrown upon either rim, the break 
may bear upon the other, and retard it. Then, arrange the cams as last described ; that is, so 
that the dies will open when the cam-box is held still, and the dies revolved; we then have 
another method of giving motion to the die-box and dies, in which the motion of the dies is 
never reversed, and they are withdrawn from the bolt whilst they are revolving, so as to leave 
no mark upon the thread. 

"We have thus described several methods of operating this arrangement of dies; but the 
principal features in this machine, which stamp it as the work of a man of genius and a thorough 
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meclianic, are : first, tlie use of rotating dies, having their cutting edges formed, as described, in 
combination with, cams or their equivalents, when both are so arranged as to be capable of 
revolving about a common centre, at different velocities, for the purpose of opening and closing 
the dies as described ; also, the arrangement of cams, with the open spaces between them, in 
combination with the die-box and dies, to facilitate the changing of the dies; and the mode of 
attaching the tap-holder to the revolving die-box. 



ENGINES 

REGULATED BY SELF-REGULATING CUT-OFFS. 



Plate XXXVII. commences a series of drawings illustrating the means of adjusting the 
e:^pansion of the steam, so as to use only sufficient at each stroke to overcome the resistance, 
without the intervention of a throttle valve. Until a quite recent period, the common method 
of regulating has been by the throttle valve — a kind of " damper " — ^in the steam pipe, which is 
turned as the speed increases, and chokes off the supply. This is now, as applied to large 
engines, considered by many but a relic of barbarism. An engine throttled is in a condition 
somewhat like that of a horse restrained by a brake applied to the wheels, and compelled 
to exert more strength than is necessary. The new system removes the brake, and puts the bit 
in his mouth instead. The throttling system spends the fury of the imprisoned vapor in a 
violent struggle to pass through a narrow opening, allowing only a fraction of its power to be 
expended in driving the engine. The new takes at each stroke a large or small quantity of 
steam, according as the Work requires, and allows it to act with all its vigor. We shall give 
details of several of the best varieties of engines which involve this feature. 

COELISS' PATENT YAEIABLE CUT-OFF. 

Plate XXXVIL — The present illustration is a horizontal steam engine. Fig. 1 is a side 
elevation ; Fig. 2, a plan of the engine ; and. Fig. 3, a top view of the valve motion fixtures of 
the self-regulating variable cut-off. This method of operating and controlling the valves is the 
invention of Mr. G. H. Corliss, of Providence, E. L, and is justly admired by all who have had 
an opportunity of testing the effect of the engine, for economy of fuel and regularity of motion. 

A is the cylinder, or rather the wooden casing or lagging which surrounds the same. A^ is 
the steam pipe bringing the steam from the boiler. A^ is a branch of the same, descending 
vertically to the stop valve chest, ^^, in which is a suitable valve, turned by the handle, A^^ to 
control the admission of steam to the steam valve chests. These chests, or cavities, like those 
for the exhaust valves, are cast in the cylinder, and are inclosed with it in the lagging, A. 

It will be observed that the engine is directly connected to the crank ; that the frame is 
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peculiar in form; tliat tlie slides are in the same vertical plane with the piston rod; and that 
the cross-head stands, of course, necessarily in an upright, in lieu of a horizontal position. Also, 
that there are, in this engine, four valves, each distinct from the other. The construction and 
arrangement of such valves, though somewhat differently operated, are shown in section in the 
details of another engine by the same makers, shown in Fig. 7, Plate XL, 

It may be further observed that the upper are steam valves, to admit steam to the cylinder; 
the lower are exhaust valves, to allow its escape ; and that while the peculiarity of the motions 
of the steam valves is most marked and important, the motion of the exhaust valves is somewhat 
different from that observed in engines where the exhaust valves are directly connected to the 
eccentric. 

The eccentric, jB\ and the governor, O^ play the most important parts: the former, to give 
motion to the steam and exhaust valves, and the latter to regulate the liberation of the steam 
valves, allowing them to close by the gravity of weights suspended on the rods, JS^^. The 
governor receives its motion through the pulley, (7^, on the main shaft of the engine, and transmits 
its revolving motion by a belt to the pulley, (7^^, which is fixed on the shaft, G^\ This shaft, (7^*, 
extends through the cast-iron bearing, C^^ and revolves in it ; on the opposite end, it has a bevel 
gear, operating another bevel gear, 6^^^, to rotate the governor. To the shaft of the bevel wheel, 
(7^^, are connected the governor ball arms, C^ ; and on the lower end of the arms are fixed the 
balls, O. Eods, G^^ connect the arms, C^^ with the loose collar, (7^, which is free to turn on the rod, 
(7^, but is prevented from rising or sinking thereon by the collars, (7^^, which are firmly fixed on 
(7\ By the ordinary centrifugal action of the governor in lifting or lowering the loose collar, G^^ 
the rod, G\ is lifted or lowered without being revolved. The lower collar, <7^^, has two jaws, or 
knuckles, from which two connecting links, 6^^\ (7^^, extend, and connect to what we shall term 
the cut-off regulators, G^'^^ G^^. These cut-off regulators are mounted loosely on the valve 
spindles, ^^\ -B^\ and each carries on the side opposite to the arm, G^^^ a projection shown in 
dotted lines, which, although of small size and so located as to be almost unobserved, performs 
one of the most important functions of the apparatus, to wit, the releasing of the corresponding 
steam valve at the instant desired. Before describing the effect of the changes of position of the 
governor balls, in changing the period of the closing of the steam valves, it will be necessary to 
trace, from the eccentric to the several valves, the motion which opens them. 

The eccentric rod, JB^^ connects the eccentric strap, J3\ to an arm on one extremity of the 
rocking shaft, J5\ This shaft is supported in the cast-iron bearing, J3^^ and carries on its opposite 
end the arm, ;S^, with its pin, JB\ B^ is a fixed pin, or projection on the side of the cylinder, 
A. On this, as a centre, is mounted the wheel, or circular plate, B^ so as to be free to rotate, 
or oscillate thereon. B^^ is a pin, fixed in one side of the outer face of ^. B^yB^^^ is a rod 
connected to B\ and having a hook, or bent part, J5^, adapted to fit upon the pin, B^^. It 
follows, from this connection of the parts, that the throw of the eccentric, B^^ communicates a 
rocking or oscillating motion to ^ when the hook, B^^ is allowed to take hold of the pin, B^^. 
This motion of j5 can be stopped at any moment by lifting the handle, B^^^ so as to disconnect 
B^ from B^^^ and when this has been done, the plate, _5, which is termed the wrist plate, may be 
turned by hand into any position desired, by grasping the handle, 13 ; but when the connection 
to the eccentric is maintained as represented by the hook and pin, jB^, jB^^, the wrist plate rocks 
once forward and backward with each revolution of the engine. 

Four pins, designated each by the number 12, are fixed at unequal distances, in the inner face 
oi B. The lowermost two serve to operate the two exhaust valve stems, B^^\ the uppermost 
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two of these pins serve to operate the steam valve stems, B^. The motion of the exhaust valves 
is simplest, and will be first described. 

On each stem, B^^^ is fixed an arm, as represented. These arms are each connected to one of 
the pins, 12, in the wrist-plate, by means of the connections represented each by ^^\ B^^. The 
middle part, ^^^, of each of these connections is provided with a right-hand screw thread at one 
end, and with a left-hand screw thread at the other end, and is tapped into corresponding holes 
in the end parts, jB^\ so that by turning ^^* the connection may be shortened and lengthened 
at pleasure, so as to adjust the set of the exhaust valves very accurately, each being set inde- 
pendently of the other. 

It will be readily seen that the exhaust valves, which are analogous in effect to^cocks, are 
alternately opened and closed at each oscillation of the wrist plate, each remaining open during 
the whole or nearly the whole of the corresponding stroke of the piston. 

On the stem, B^^^ of each steam valve, is firmly fixed an arm, ^^^, having a branch projecting 
therefrom, nearly at a right angle. To each of these branches is connected, by a rod, ^^^, a 
heavy weight, not represented. In the inner face of each of the arms, ^^^, is fixed a swiveling 
socket, which supports one end of a sliding rod, B^^^ B^^^ the other end of each of said rods 
being made to embrace one of the uppermost of the pins, 12, so as to receive motion from the 
wrist plate. These rods are not directly connected to the arms, ^B^^, but on the contrary are 
free to slide through the sockets thereon, without giving any motion thereto, except through the 
aid of additional parts, now about to be described. 

A crooked piece, B^^ B^\ is loosely hinged to each of the rods, B'^^^ B^^^ by the pin, B'^K 
The lower part, ^^V^^™^^ ^ small hook adapted to catch under a suitable projection on the 
arm, J5^^, and is pressed up to seize the same by the force of a spring not represented. The 
upper part, B^'^^ of the same piece, is bent as indicated in dotted lines, and stands very near to 
the cut-off regulator of the corresponding valve. The rocking motion of the wrist plate, B^ by 
giving a corresponding motion to the sliding rods, described, causes the bent part of B^^^ which 
is solid to B^^^ to traverse back and forth under the corresponding cut-off regulator. The parts 
are so proportioned that when, in thus traversing across the bent part of jB^^, it passes under the 
swelled part before described of the cut-off regulator, it invariably touches it, and is depressed. 
At each vibration of the wrist plate, the hook on B^'^ seizes jB^^ at the right moment, and com- 
mences to pull it, thereby opening the valve, which is of the character shown in section in Fig. Y, 
Plate XL., and allows the steam to enter that end of the cylinder, and act on the piston with 
its full force in the early part of the stroke. But the weight depending from the branch arm by 
the rod, ^^^, tends to shut the valve, and is ready to do so as soon as any slight force shall 
disconnect the hook on jB^^ from the arm, B^'^. Such force is found in the depression of the 
hook by the contact of B^'^ with the swelled part of the cut-off regulator. The moment the bent 
part of B^'^ touches the swell on the cut-off regulator, and is depressed slightly, it releases the 
arm, ^^^, and then the gravity of the weight immediately turns the arm back to its original 
position, so as to close the valve. 

Now it will be evident from this, that the time of the closing of the valve, in each stroke 
will be affected by the position of the swell on the cut-off regulator, and as the arm, <7^^, on each 
cut-off regulator is connected to the governor as above shown, and is turned in one direction or 
the other with each elevation or depression of the governor balls, the contrivance is a most 
sensitive means of closing the talve at a period varying with each variation in the velocity of the 
engine. The moment the engine is, from any cause, checked in its motion, and the governor 



AMEEIGAN ENGINEEEINQ ILLUSTRATED. 203 

balls are less affected by centrifugal force, they sink slightly, thereby depressing the collar, (7^, and 
pushing upon the arms, G^^. This movement turns both the cut-off regulators, so that the swell 
on each is not touched by B^'^ so soon as before iu each stroke, and consequently the steam valves 
are held open longer, and more steam is received at each stroke than before, which restoies the 
speed of the engine. If, on the other hand, the engine commences, from any cause, to run too 
fast, the balls rise, carrying up the collar, (7*, and pulling both the arms, O^^^ so that the swells 
on their respective cut-off regulators come earlier into contact with jB^^, and the valve is shut 
earlier. If the speed is very slow, the cut-off regulators turn so far that the arm, B^'^^ is not 
affected, and the hook is not detached. In such extreme case, the steam valve remains open 
until the wrist plate oscillates back, which requires nearly the whole stroke of the engine. This 
mode of working uses much more steam than usual, and produces more power, but at a greater 
expense of steam, in proportion to the power, than usual. In practice, the engine does not work 
in such manner, except for a few strokes, in starting from rest, or when a heavy resistance is 
suddenly encountered by the machinery. In all ordinary conditions, the parts being properly 
proportioned, the engine maintains an almost absolutely uniform speed, and cuts off at a point 
varying between the very commencement of the stroke and half stroke, according as the 
resistance is changed, or the pressure of the steam is allowed to sink or rise. 

The disagreeable effects which might ensue from the dropping of the weights at each stroke, 
are avoided by causing the momentum thereof to be absorbed by a cushion of air. The engine 
operates without any indication of jarring, or any sound from such source. 

The cylinder, G^^ standing upon the floor, contains a quantity of oil or other fluid, and a 
disk somewhat like a churn dash, which is connected to the governor by the rod, (7^, and serves 
to check any tendency to extraordinary or oscillatory motions in the rising and sinking of the 
governor. 

CORLISS' IMPROVED PATENT VARIABLE CUT-OFF. 

Plates XXXIX.y XL.^ and a part of XLL — ^The mechanical combination of the cut-off 
arrangement which is the subject of the present illustration, varies in many respects from 
Plate XXXVII. A very rapid closing of the valves is produced by the peculiar application of 
steel springs instead of weights, and many other valuable improvements make themselves appa- 
rent in the several parts. Fig. 4 is a side elevation. Fig. 5 a top view, and Fig. 6 an elevation 
of the opposite side. 

In this engine the wrist plate, -A^^, is mounted in a different position, and is operated directly 
by the eccentric rod, and hook, A^^^A^'^. The valves are located as before, but the arm of 
one of the exhaust valves, jB^, extends upwards in lieu of downwards, to adapt it to the new 
arrangement of the wrist plate and connections. The same effect as before is produced in the 
working of the exhaust valves. The steam valves are not closed by weights, neither are they 
detached in the same manner as before, although the means are to a certain extent analogous. 
The air cushions to destroy the momentum of the parts without shock or noise, when the effect 
of closing a valve has been produced, are in this engine fixed on the machine in plain sight, 
instead of being concealed beneath the floor. The valves are detached at a time which is con- 
trolled by the elevation of the governor balls as sensitively as before, and the shutting of the 
valve is performed much more rapidly. It may seem, at the first glance, that the shutting of 
the valves of the engine shown in Plate XXXVII. is performed instantaneously, but it will be 
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evident on reflection that a certain amount of time must be consumed by the weight in starting 
from rest, or from a lifting motion, and dropping down several inches so as to close the valve. 
The effect of a strong spring acting upon a few light connections, as in this engine j is sensibly more 
rapid ; and when it is recollected that during whatever time in each stroke the valve is closing, 
the steam is "wiredrawn," and used at a disadvantage, — that in an engine working as most small 
stationaries do, at a rate as rapid as sixty revolutions per minute, only one half of a second is 
consumed in an entire stroke of the piston, — and that at or near half stroke, when the valve is 
usually released, the piston is moving at its most rapid rate,— it is evident that even a very short 
period of time consumed in the closing of the valve is worthy of economizing. 

The connections to the steam valves in this latest engine are effected through two sliding 
rods, ^^Y which run in the guides, A^. The pins on the wrist plate are one on the outer and 
the other on the inner face, which holds the links out of line with each other, or not in the same 
vertical plane, but more nearly side by side. Two levers, A^^^ are mounted side by side on the 
frame so as to be free to oscillate independently, and the links from the wrist plate are connected 
to the lower ends thereof. Hooks, A^^^ are connected at one end to the upper ends of these 
levers. The other end of each hook is allowed to rest on a flat part of ^4^^, and to drop into a 
slight recess therein at a proper moment so as to pull open the valve. A stout spring, composed 
of several strips of steel plate, is bolted upon each of the levers, ^^^, and is connected to the 
corresponding rod, ^^\ by the link, A^\ These springs tend, like the weights in Plate XXXVII., 
to keep the valves always closed, each driving its rod, A^^^ home very rapidly, and consequently 
turning its lever, A^^ so as to shut its valve with almost lightning speed, the moment its hook, 
A^^^ is lifted so as to release it. The slide, or plunger rod, A'^^^ carries a small piston, not repre- 
sented, which fits into a small cylinder, A^\ produced on the guide, A^^ and as the parts are 
driven home by the spring, the air in the interior of this cylinder cushions the piston and brings 
the parts gently to rest. 

The means by which the hooks are lifted are peculiar and very admirable. The bell crank 
lever, A^\ is connected to the governor by the rod, D^^^ and is weighted by the ball, A^. It 
turns on a fixed centre, which latter is supported by the standard, -A^^ To each of the hooks, 
A^^^ is loosely connected a trip lever, A^^^ which extends upward and is loosely connected to a 
corresponding link, 8, which latter is connected to A^^^ as represented. The upper ends of the 
trip lever, A^^^ are consequently moved forward and backward with each elevation and depression 
of the governor balls, D^. The lower end of each trip lever, A^\ is armed on the side nearest 
A^^ with a steel piece, not designated by letter, but which is plainly shown in the detail draw- 
ing, Fig. 4Y, Plate XLI. This piece is accurately adjusted in position on A^^hj screws, and as 
the hook, ^^V^^ drawn back, and the lever, \4^^, becomes correspondingly inclined, this piece 
projects below the surface of A^^^ and pressing on the flat part of ^^V^^^*^ *^^ hook and releases 
A^\ and allows it to fly back. It is evident that the period at which this disconnection is effected 
will depend on the position of the top of ^^^, and consequently on the elevation of the gov- 
ernor balls. 

Plate XL. shows more in full many of the details above described. Fig. 7 is a vertical sec- 
tion of the cylinder, and an outline of much of the novel part of the valve motion. Fig. 8 is a 
top view of the cylinder, ^^ being the long opening through which the steam is admitted to 
the steam valve chests or chambers. Fig. 9 is an end view, showing in dotted lines the outlines 
of the ports and valve chambers. Fig. 11^ is a cross section of the steam valve, with its stem 
aud chamber. Fig. 11 is a plan, and Fig. 12 a side elevation of a steam valve and stem. Fig. 13^ 
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is a corresponding cross-section of an exhaust valve, with its stem and chamber. Figs. 13 and 14 
are other views of the exhaust valve and stem. Figs. 15 and 16 are views of the wrist plate and 
rock arm. Figs. 17 and 18 are views of the guide, ^^* and A^^^ and of the pivot, J.^^, which 
supports the wrist plate. Figs. 19 and 20 are views of the bearing for the bell crank lever, A^\ 
Figs. 21 and 22 are views of the said bell crank, A^\ Figs. 23, 24, 25, and 26 are views of the 
eccentric and eccentric strap. Figs. 27 to 34 are the governor and its connections. Figs. 35 
and 36 are the eccentric hook. Figs. 37 to 40 are the connections to the levers in the valve 
stems. Figs. 41 and 42 are views of one of these levers. Fig. 43 is a side elevation of one of 
the sliding rods, ^^^, and of the corresponding hook, A^^^ and links, A^^. Fig. 44 is a plan view 
of the same parts, except that the hook, A^^^ and the flat part of ^^^, on which the hooks are 
supported, are represented as removed. Fig. 45 is a plan view of the hook, A^^. Fig. 46 is a 
plunger or piston, shown in Fig. 43, and which serves the important purpose of confining or 
cushioning the air to check the motion. Figs. 47 and 48 are the trip levers, A^^ showing the 
smair adjustable piece which, by contact with the flat part of A^^^ lifts the hook and releases the 
valve. Figs. 49 and 50 are views of the stop valve and chest, M Figs. 51 and 52 are views of 
the starting lever for the stop valve. Figs. 53, 64, and 55 show the cross-head and end of the 
piston rod. Figs. 56 and 67 show the same kind of an adjustable cut-off as those now explained, 
but applied to flat sliding valves in lieu of the rolling valves now preferred for this purpose. 

[For a large portion of the description of the Corliss' Engine, as also of that of the engine of the steamship 
Knoxville^ and of the locomotive "Talisman," we are indebted to Thomas D. Stetson, Esq., the weU-known Mechan- 
ical Engineer and Patent Attorney.] 



REYNOLDS' PATENT VARIABl^ CUT-OFF. 

The present illustration is a variable cut-off applied to a horizontal steam engine. Fig. 1 
shows the cut-off arrangement and governor in a side elevation. Fig. 2 a section through Ire 
cut-off and cut-off valve, and also through the cylinder and slide valve. Fig. 3 is a front view 
of the cut-off motion, and Fig. 4 a top view of the same. 

In this invention the cut-off arrangement operates a separate valve, which excludes the steam 
from the entire valve chest proper when the piston has performed the desired part of its stroke. 
This exclusion of the steam is effected by a valve which is perfectly balanced, so as to be unaf- 
fected by the pressure of the steam. This valve is lifted by positive mechanism, and is returned 
to its closed position by springs. The period at which it is thus detached and closed is controlled 
by the governor. The valve is lifted and dropped twice during each revolution : first, to serve 
while the piston is making its stroke io. one direction ; and second, to accomplish the same for 
the return stroke. 

A is the cylinder, A^ the piston, and 8^ 8^ the cylinder ports, which serve equally for the 
induction and eduction of the steam. BB is the valve chest, (7, (7, the valves, and JS^ E^ the ex- 
haust ports. G^ is the valve stem, which is operated through the agency of the eccentric, in the 
ordinary manner, the steam, at each stroke, being admitted through 8y to drive the piston, and 
allowed to escape from /S' into E^ through the cavity or hollow throat of the valve during the 
return stroke. 

^ is the cut-off valve chamber. i>, i>, are two disks of metal, which are adapted to slide 
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tiglitly througli corresponding openings in F^ and are connected together by tlie guiding pieces, 
jC^l B^ is a stem fixed thereto, and passing upward througli the stuffing-box, F^, It carries 
at its top a cross-head, i>^^, which, in turn, carries the two vertical rods, i)^^ Spiral springs, 
i)^\ are fitted around these rods, which press down the cut-off valve. A shaft, j?9^, is mounted 
in the bearing, i>^^, in the framing, so that it is free to rock or oscillate. An arm, D^^, is keyed 
thereon, carrying an adjustable pin, i?H On the valve stem, (7^, is firmly fixed an arm, i?^ 
From the upper extremity, i)^, of this arm, a rod, i>®, U^^ shown partly in dotted lines, com- 
municates motion to the pin, i>^\ causing the shaft, Z>^, to rock with each motion of the slide 
valves, 0. 

On the inner end of D^, are two short arms, as represented in Fig. 2, which are adapted to 
alternately lift the cut-off valve through the agency of the cross-head, i>^, and the hanging 
pieces, i?V^s represented. The releasing and dropping of the valve is effected by spreading 
the hanging pieces, D^, This operation of spreading these parts is performed by a wedge- 
shaped casting, 3, which is connected to the governor rod, G^^ and is elevated and depressed 
by the governor, according to the speed of the engine, as is plainly shown by the drawing,— the 
short arm, 6*^^, of the governor being caused to raise or lower the rod, G^^ arid through the 
connections, 6^^, G^^ to give a corresponding motion to the casting, 3, with each elevation or 
depression of the governor balls, G^. 

The spreading open of J)^\ and the consequent release and closing of the cut-off valve, is 
directly effected through the agency of pins, 9, which project from the sides of jD^, and come 
in contact with the inclined faces of 3, at some period in each lift of the cut-off valve ; the time 
of such contact, and consequently of the release and descent of Z?, must, it is evident, depend 
on the elevation of the governor balls, and this changes with each change of velocity, so as to 
supply the steam through J5^^, in exactly the quantities desired. 



SETH BOYDEFS VARIABLE CUT-OFF. 

The nature of this invention consists in the application of a slide valve, with two cut-off 

plates lying on the top surface of it, to regulate the admission of steam into the cylinder. 

These cut-off plates, marked JS"^, F^^ are regulated by the action of the governor, through their 

respective connections, and, as heretofore explained, such a quantity of steam is admitted into 

the cylinder, as is requisite or necessary for the amount of work to be performed by the engine, to 

keep up a regularity of speed. Fig. 5 ; is a sectional view of governor. Fig. 6 an outside view 

of steam chest, cylinder, and a part of framing. Fig. Y a section through steam chest, valves, 

and cut-off apparatus in position when steam is admitted half-stroke. Fig. 8 is a section of the 

same with position of valve and cut-off fixtures when steam follows whole stroke. Fig. 9 is a 

transverse section through the valve. Fig. 10 a top view of steam and exhaust ports. Fig. 11 

a horizontal section of steam-chest, and top view of cut-off parts. Fig. 12, top view of cut-off 

plates; and Fig. 14 a side view of the same. Fig. 13 is a horizontal section through pedestal 

of governor stand. 

The governor column is screwed into the pedestal. The top part of the column has a recess 
for the collar (7^, which is screwed to the tube, (7*, and on the lower extremity of the tube is 
screwed a bevel wheel, (7 V operated by another bevel wheel, 6^^, shaft, (7^, and pulley, (7. The 
governor ball arms, (7^\ (7^^, are free to swing on their centres, 2, 2, and rotate with the tube, G^^ 
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and top piece, (7^ It is a common practice to let an engine run at a certain number of revo- 
lutions per minute, but wben a change takes place, and more or less work is thrown on or from 
tke engine, tbe speed of tbe engine will be changed for an instant, until tlie motion of the 
governor throws its balls in or out, and through the short levers, 3, 3, of the governor ball 
arms, <7^\ lifts or lowers the rod, G^. The rod, O'^has an attachment forged solid to it with 
a transverse slot, to communicate the motion of the rod, G\ to the lever shown in dotted lines, 
and fastened on the inside to the spindle, O^^ (see Fig. 13), which spindle carries the longer lever, 
(7^^, and gives its motion to the connection, (7^\ Fig. 6, and lever, 6^^®, and thus to the spindle, 
^y2o^ To the spindle, C^^, is fastened a double lever, (7^\ Figs. 1 and 11, connecting the opposite 
ends by two links, C^\io the regulating pieces, (7^\ (7^\ which come in contact with the inside 
projections, ^^, and consequently move the cut-off plates, jE"^, over their ports,^, to shut off 
the supply of steam to the cylinder, at such a point of the stroke as has been explained before. 
The casting, Z^\ for the cut-off fixtures, is laid on its seat without further fastening, and can be 
removed with little delay, in case of repairs to the cut-off arrangement. E^ is the valve stem, 
which holds the valve by the valve strap, or bridle, designated also by ^^ D is the steam- 
chest casing, with a cover, i>, on the top of it. i)^ is a flange for stuffing-box. i^ is a light 
casing, to cover up the bolts for holding to its place the steam-chest cover, i?, W^ E'^^ are 
the induction and eduction channels for the steam. E^ is the exhaust pipe. 

N. T. GREENE'S PATENT VARIABLE CUT-OFF AND VALVE GEAR 

Plate XLIII.—Yig. 1 is a side elevation ; Fig. 2 a plan ; Fig. 3 a side view of cut-off arrange- 
ment, drawn on two-inch scale ; Fig. 4 a transverse section through bed plate, slide holder, and 
slides. 

Most prominent in this engine, to regulate the admission of steam into the cylinder, is the 
simplicity of motion resulting from the combination of the rectilinear and curvilinear motions. 
This combination enables the third agent, which is otherwise invariably used to effect the discon- 
nection in detached cut-offs, to be dispensed with. This cut-off has also a great range of varia- 
bility, on account of the eccentric being set very nearly with the crank, only sufficient advance 
being given it to take up a small lap on the valves, and the lost motion of the valve gear. In 
speaking of the merits of this engine, the most skillful engineers have expressed themselves in 
very flattering terms, and assure us if the engines are put up in good order, they will run with 
great regularity of speed and with a considerable saving of fuel. With reference to the several 
parts of the machine, the following will be a literal reference : 

A is the steam chest, containing steam valves, /S^^*, moving over steam ports, S^. These valves 
are connected by links, /S'^*, to arms, 8^^^ on rock shafts, /S"^^, which pass through stuffing boxes 
on the side of the steam chest, with weight arms, 8^'^^ and rock levers, 8^\ keyed on them. The 
spring tappets, /S'V carried on the sliding bar, /S'\ give motion alternately to the rock levers. 
Motion is imparted to the sliding bar by an eccentric on the main shaft. The tappets have a 
lip on one side, upon which rests a gauge bar, (r^, connected by a rod, G% to the governor. The 
motion of the tappet being rectilinear, and that of the rock lever curvilinear, a separation muvSt 
consequently take place between them, when the weight, 8^^^ which has been raised by the 
motion of the rock lever^ will close the valve, and thereby effect the cut-off. The point of 
separation of the tappet and rook lever is determined by the amount of lap of the former upon 
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the latter, at the commencement of their united motion, and this lap is varied by raising or 
depressing the gauge bar (the springs, /S'^V-'^^^P^^g ^^^ tappets pressed constantly against it). 
The operation of raising or depressing the gauge bar is performed by the governor thus : if the 
speed of the engine increases, the balls expand, and depress the gauge bar, thereby giving less 
lap of the tappet, and a quick cut-off. On the contrary, if the balls contract, the gauge bar 
is raised, the tappets have greater lap, and a longer cut-off is the result. It must be borne 
in mind that the only period when the governor can act on the tappets is at the period when 
b6th are disconnected from the rock levers, but so sensitive is its action that the greatest 
possible variations of resistance are regulated with the utmost perfection. 

The exhaust valves are operated through the eccentric, JS; rod, ^*; rock arm, jS^^; rock 
shaft, JEJ^; rock lever, ^^; and valve rods, JS^\ The governor balls, G\ G\ are operated by 
two rope pulleys, one placed on the main shaft, marked G^^ and the other fastened to the shaft, 
G'^. On the same shaft is a bevel gear, operating another bevel gear, secured to the governor 
head, G. 

The details of this engine are represented in Plates XLIV. and XLV. Fig. 4 is a vertical 
longitudinal section through the cylinder, showing the steam chest up, and the exhaust chest 
on the lowest part of it. The exhaust valves, JE^\ ^^\ are connected by a rod, JS^% to the 
arms, -E"^^, JE^^^ and held firmly to the rod, ^^\ by two collars, with set bolts for each valve. 
The exhaust valves are faced on their lower surface, the steam in the cylinder pressing upon 
the upper surface of the valve, when they cover their ports. JE^\ jE^\ are covers for the 
exhaust chest. The remaining details of this engine are described on the various figures. 



WRIGHT'S PATENT SELF-EEGULATlNG CUT-OFF. 

Plate XLVL — Fig. 1 is a side elevation of the engine, with improved cut-off arrangement. 
Fig. 2 plan; Fig. 8 a transverse section through the bed plate; Fig. 4 a horizontal section 
through the cylinder, steam chests, and cam motion; Fig. 5 is a transverse section through cylin- 
der, steam and exhaust chests ; Fig. 6 an outside view of cam and shell, showing upper and lower 
parts of inside piece, and of bevel gear ; Fig. Y is a top view of cam and shell ; Fig. 8 is a feather ; 
Fig. 9 inside piece of cam and shell; Fig. 10 governor spindle; Fig. 11 a section view through 
shell and cam ; Fig. 12 a top view ; Fig, 13 an outside view of the same ; Fig. 14 is a horizontal 
section through cam, valves, and valve rods, showing cam in three positions. 

The advantages claimed for this cut-off, and the nature of its construction and operation, are 
briefly enumerated here. 

It is simply a cam, D (see Fig. 12), and capable of a range between nothing and full stroke, 
if required. It is composed of two pieces. The outside piece, or shell, (7*, being a hollow 
cylinder, with part of one end of it, 2?, shaped to the form of a cam, and having a spiral groove, 
6^, cut on the inside, running the whole length of the piece. The inside piece, ^ is a hub, 
which exactly fits the internal diameter of the shell, G\ but having a hole, Z, through it to 
receive the governor spindle, which is eccentric to both pieces. On one end of the inside 
piece, jff, is a cylindrical ring, or collar, ir(see Fig. 6), which is also eccentric to both pieces, 
but concentric with the hole, /, through it, and with the governor spindle ; both pieces, (7® and 
H^ are connected together by a feather, i, one side of which is of a spiral form, and the other 
side straight, or rectangular, and respectively fit and work in the spiral groove, G^ of the shell, 
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O^^ and tlie rectangular groove, iV^ of the inside piece, H. The feather is connected with the 
governor spindle. 

It is operated directly from the governor, which is placed on a stand above the cam and in 
the centre between the steam chests, as shown in Fig. 1, the spindle of which passes down 
through the governor column and is attached to the feather. The raising and depressing of this 
feather regulates the lift of the cam. 

"When any change takes place in the engine load, and the governor balls leave their legiti- 
mate plane or range, the variation is transmitted through the spindle to the feather of the cam, 
instantly altering the lift of the cam, and consequently that of the valves, and regulating quickly 
and precisely the amount of steam to be admitted to the cylinder to move the load at the pro* 
per speed. 

The simplicity of this "Gut-off," the facility with which it can be adjusted — the parts being 
but few and always in sight and accessible — its action, so quick and perfect, and no throttling 
of the steam, but permitting it to enter the cylinder. at boiler pressure, all combine to make it a 
most perfect cut-off. The governor is operated by gearings, <7, (7\ (7^, Q^^ and a shaft, O^ ; the 
latter is placed on the side of the engine bed-plate, to communicate its rotary motion by two 
bevel wheels, C^^ O^^ to the governor shaft, 6^^^. The bevel wheel, (7^, is operated by the shaft, 
<7^ and engages with another bevel wheel, secured to a shaft placed across the engine bed-plate 
to communicate its motion, by an eccentric, to the exhaust valves. 



PUTNAM MACHINE COMPANY. 

PATENT YAHIABLE CUT-OFF. PATENTED JANUARY 15, 1856. 

Plate XL VIL—Y\g. 1 is a side elevation of the engine with improved attachment ; Fig. 2, 
a |)l;iii of the same; Fig. 3, a vertical section through the steam and exhaust valves; Fig. 4, a 
horizontal section of the steam and exhaust chests and valves; Fig. 5, exhaust valves; Fig, 6, 
steam valves; Figs. 7, 8, and 9, sections through steam and exhaust chests ; Fig. 10, a transverse 
view of the engine. 

The invention consists in a new and peculiar method of connecting the balance cnt-oJff valves 
of steam engines with the governor, by which the steam may be cut off at any point of the 
stroke, according to the amount of work upon the engine. The parts for effecting this are sim- 
ple of construction, and not liable to get out of order or to require repairs. In the accompany- 
ing drawing, Plate XLVIL, A is the cylinder ; _4\ cylinder cover ; ^^, the steam chest ; A^^ A^^ 
covers to get access to the steam and exhaust valves ; A^^ screw valve ; A^^ steam pipe ; A^^ 
elbow of steam pipe; A^^ wheel for screw valve; A^, oil cups; A^^^ stuffing box ; A'^^^ gland; 
^^^, cross-head ; A^^^ piston rod ; A^^^ connecting rod; A^^^ crank; A^^^ crank shaft. The crank 
shaft carries a cog-wheel, (7, which engages with a gear, C\ upon a short shaft, C^\ C^V^^ ^ bevel 
wheel upon the shaft, (7^, which gears with the wheel, C^^ upon the shaft, (7^, which latter 
carries the cams that actuate the steam and exhaust valves. The connections between the gover- 
nor and the apparatus which actuates the valves, will now be described. The governor spindle 
is moving through the centre of the governor column, (9, with a bevel gear, (r^, on its lowest 
extremity operated by the bevel gear, 6^^; A^ small rod actuated from the extreme ends of the 
governor ball arms, connects to the angular lever which moves the lever 6^^^ The small rod 
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connected to the ends of the governor arms, moving in a vertical direction, moves tlie angular 
lever, -and tlie angular lever, the lever 6^^^, which is fixed to the shaft, (7^^ vibrating in the bear- 
ings, O^, (7^, O^, Projecting from the frame-work of the steam engine, (7^^, (7^^, are arms attached 
to the shaft, (713^ and vibrating with it. (7^\ 6^^\ are bent levers of the form represented in Fig. 
10, which are pivoted to the arms, C'^'^ ; the extremities of these levers are allowed to play freely 
in slots at the lower end of the valve rod, O'^^ ; as the rod connected to the governor now rises 
and falls, the shaft, (7^'^, is caused to vibrate in one direction or the other, and the levers, 6^^\ are 
withdrawn more or less from the slots in the stems of the induction or steam valves, for a pur- 
pose which will now be explained. (7^^, (7^^, C^^^ {7^^ are cams upon opposite sides of the shaft, 
0\ and directly beneath the levers, (7^\ upon which they impinge as the shaft, (7^, revolves, and 
thus when the valves are raised from their seats and steam is admitted to the cylinder, in propor- 
tion as the balls of the governor diverge, the rod is raised, and the ends of the levers, {7^\ are 
withdrawn from the slots in the bottom of the valve stems, {7^^, thus carrying the shoulders of 
the bent levers farther from the circles of revolution of the cams, {7-^ The levers, {7^\ are so 
arranged with reference to the governor and the cams, (7^^, that when the balls are at the highest 
point, the shoulders of the levers are withdrawn so that the cams revolve without touching the 
levers, and the inlet valves are not opened. When, however, the balls are in any other position, 
the shoulders of the levers, (7^^, lie more or less over the cams, {7^^, and as the latter revolve, 
the levers, (7^\ are raised, and the inlet valves are kept open for a longer or shorter space of 
time. The steam is thus cut off, sooner or later, in proportion as the balls are more or less dis- 
tended. The levers, (7^^, are curved upon the under side, so that they maybe eased down grad- 
ually as the cams revolve. It is evident, if the cams which open the valves be allowed to 
make as many revolutions as the main shaft, that they will revolve 180° whilst the. piston moves 
once through the cylinder, and that with such an arrangement, it would not be practicable to 
regulate the operation of the valves ; it therefore becomes necessary to revolve the shaft, {7^, a 
less number of times than the main shaft, in which case, more than one cam will be required. 
If the shaft, (7^, revolve half as fast as the main shaft, two cams v/ill be necessary, as in the case 
represented in the accompanying drawings. If the main shaft revolve three times as fast as the 
shaft, 6^^ the latter will require three cams, and so on. It will be perceived, that by means of 
the arrangement above described, the valves may be made to feel the slightest change of velocity 
in the governor balls ; while, at the same time, no work is thrown upon the governor, as even the 
weight of the rod and the parts connected therewith, may be balanced by a weighted arm pro- 
jecting from the opposite side of the shaft, 6^^^^ if in any case it be found desirable. In practice, 
however, they have not found this to be necessary. The exhaust valves, ^, are operated simi- 
larly to steam valves, except that they are allowed to open and close without variation. The 
levers, (7^^, G^^^ are pivoted to the bearings, G^ , and they are raised by the cams, (7^^, which 
are upon the shaft, (7'^. As these levers are stationary, the levers, (7^^, are so formed with refer- 
ence to the cams, (7^^, that the exhaust valves shall be held open during the whole passage of 
the piston, as required. The construction and arrangement of the valves and steam passages 
will now be explained. 

Figs. 3 and 4. — Within the steam chest, ^^, are two other boxes, F^ F\ upon these secondary 
boxes are the upper and lower seats of the steam valves, 8^ 8, 8^ and /S'^, is the spindle of the 
valve, and is guided above by the projection, /S'^ cast to the cover, and below, by the hollow 
screw, G^^, The boxes, i^, F^ being entirely surrounded with steam, when the valves, 8^ 8^ are 
are raised, the steam passes in through the open rings, through the steam port, 8^^ into the 
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cylinder. The exhaust valves close the eduction passage when resting upon their seats. ,5"^, ^^, 
is the spindle of the valve, and is guided above by the cover, _Z>, and below by the hollow screw, 
G^^, The seats of the exhaust valves are upon the interior box, the space within which is in 
constant communication with the exhaust passage, i?^, and is entirely shut off from the interior 
of the boxes, F^ F^ except through the valves, F, F^ when the Litter are raised from their seats. 
The operation of these valves is as follows: when the steam valves, 8^ 8^ are raised, steam is 
allowed to enter from the steam chest into the box, F^ and through the passage, 8^^ into the 
cylinder; as the piston commences its return stroke (the valves, 8^ /S^, having been previously 
closed,) the exhaust valves, F^F^ are raised, and the steam passes from the cylinder through the 
opening, /S"^, into the box, F^ through the exhaust valves, F^F^ into the interior box, thence 
through the eduction passage, F'^^ into the conductor. This arrangement of valves and steam 
passages is economical, compact, and of simple construction. The claims of the inventors, 
Chaeles H. Beowist, and Chaeles Bueleigh, are : operating the valves by means of the revolv- 
ing cams, 6^^^, in combination with the bent levers, 6^^\ and their connection with the governor, 
in the manner and for the purpose substantially as herein set forth. 



SEVEN FEET ENGINE LATHE. 

Plate XL VIIL — contains illustrations of a seven-feet engine lathe, built by Bement & 
Doitgheety, Philadelphia, designed and constructed for all kinds of heavy work, and for which 
\)lv^, frame, gearing, and all its parts are well arranged, in regard to strength, convenience, and 
facilit3^ The slide-rest is self-acting. *The speed of both the lathe and the slide-rest may be 
increased or diminished by arrangements hereafter described. In addition to which, there is 
a small drilling or boring machine fixed upon the movable head-stock, 6^, so that a crank, 
driving wheel, or any similar object, can be drilled or bored outside the centre, whilst secured 
to the face-plate, or resting between face-plate and head-stock, {?. This device is particularly 
serviceable, as by these arrangements, a crank may be bored, faced, and fitted to receive the 
crank pin, without being subject to removal. The upper part of the head-stock, (9^, may be 
moved at right angles to the centre line of lathe, by means of the handle and screw, (9^, if 
required. 

Fig. 1, is a side elevation ; Fig. 2, a longitudinal section view, showing the method of varying 
the gearing attached to the carriage, O^ O^ and slide-rest, (7^; Fig 3, is a plan or top view of 
lathe, also showing the drilling or boring apparatus ; Fig. 4 is a back view; Fig. 5, a front view ; 
Fig. 6, a top view of the gearing to connect the slide-rest; Fig. 7, an end view of the same. 
A^ is the bed-plate; -4\ are ribs, cast solid with the bed-plate, to give strength, as shown in 
Fig. 3 ; A^^ A^yA^^ are projections of the bed-plate, to secure it to the floor by bolts, as shown in 
Figs. 2 and 3 ; A^^ A^^ are the slides upon which rests the loose head-stock, G ; A^^ is the rack; 
A^^ the screw; B^ is the fast head-stock, B^^ihe main spindle, carrying the face-plate, ^^, to 
which is secured the other part, B^, and is held down by the caps, B^^ B^, and bolts, 1, l\ B^^ 
shows the hub of the face-plate ; B\ is a projection from' B^ to carry the shaft, B^ ; B\ B\ are 
caps to secure the shaft, ^^, as shown ; at B^^ is placed a small pinion to gear into, i?^ ; _5^^, are 
pulleys, to which is secured the pinion, ii>^'^, conveying motion to B^^, upon the shaft, B^ ; to the 
other end is secured the pinion, i?^^, gearing into^^", upon the shaft, B^ ] B^^^ is a short spindh^, 
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as seen in Fig. 3, keyed into the main spindle and carrying with it the toothed wheels, D,D^^ D^. 
CJ is the carriage ; C^^ the slide-rest ; '6^^, a plate to secure the tool, 6^^, in the tool-holder, CP^ 
by means of the screw, 2 ; (7"^, is a hand-wheel, which is connected to the rack, A^\ (7^, is another 
hand-wheel, connected by means of the wheels, C^, (7^^, and 6^^\ to the screw acting npon the 
slide-rest, best shown in Pigs. 6 and 7. To obtain the motion of the slide-rest, the cone, 6''^^ must 
be secured to the wheel, {7^^, by means of the handles K^ (see Fig. X) so that as the shaft, i)^^, 
revolves, it gives motion to (7^^, (Fig.6,) and through the wheel, 6^^^, to the shaft, C^^^, carrying with 
it the bevel-wheel, 6^^^, and so gives motion through the wheel, (7^^, to the shaft, 6^^^, upon which 
the cone, (7^\ is secured. If required to move the slide-rest by hand, it is only necessary to 
loosen the handle K^ thus allowing the cone, 6^^^, to revolve freely in the wheel, (7^^ ; the motion 
of the slide-rest is reversed by means of the handle, 6^^^, being raised or depressed. Z), 2)^, IJ^^ 
are three wheels which gear into three corresponding wheels, 2)^, JT", D^^ any one of which may 
be secured by the rod, i}\ having inserted in the other end a key, 7^ projecting on either side, so 
that any one of the wheels may be driven separately, together with the pinion, D^, which gears 
intoD''^, i>^ into i)^, and D^ into another wheel secured to the back of 2)^; D^ gears into the 
wheel, i)^^, (see Figs. 1 and 4), secured to A}^ and which is coupled to the screw at JL^, (Fig. 3.) 
From J9^, the motion is continued through \Z7^\ to IP' and D^^^ which are placed upon the shaft, 
D^^^ (see Fig. 3), having a pulley, i)^'^, secured to it by means of a key, sliding freely in a slot 
made for that purpose, in i7^l G^ (Fig. 2), is the lower part of the loose head-stock, having 
projections which fit into corresponding grooves in the upper part, at right angles to the centre 
line of lathe; (9^\ is a separate part, which is screwed into 6^\ as shown in section; (9^, is a 
pulley secured upon the screw by a nut at G^ ; 6^^, G^^ are set screws to secure G^\ G^^ a handle 
placed in the wheel, G^ ; G^^ is the centre ; JT^, is the table projecting from the head-stock, G ; 
jffj is a spindle driven, by the toothed wheel, .ZT^, geared into the pinion, .fi"^; H^^ is a screw; 
H^^ a spindle upon one end of which is secured the pinion, iJ^, upon the other end is the pulley, 
jy^, which is driven by a belt running from the movable pulley, I^^ ; H^^ is the base, secured 
to the head-stock by the bolts, 9, 9, having two projections, JT^, JT^ to carry the shaft, II\ H'^^ 
is a hand-wheel, having an internal thread to suit the screw, R^^ the wheel being retained be- 
tween the bracket and the bearing, H^, 

SPEED OF THE LATHE. 

The lathe can be worked with single or double gear : the speed can be changed with single 
gear five times, and with double gear five times, which will make ten changes of speed. The 
slowest speed of the cone pulleys on the lathe marked ^^V^^ ^0 revolutions per minute, and the 
fastest speed, 330 revolutions per minute ; which would turn the face-plate, -S^, if single-geared, 
4J the slowest, and 36i the fastest speed per minute, and if double-geared, the face-plate would 
make, in three minutes, 1 revolution the slowest speed, and 3 revolutions per minute the fastest 
speed. The slowest speed of the pinion, B^, which drives the face-plate, is 3 revolutions per 
minute. The feed for the slide-rest carriage can be changed six times, to advance from h of an 
inch to \ of an inch per revolution of face-plate. 

The main shafting from which the motion is taken, makes 44 revolutions per minute, and the 
pulley fastened on said shafting, to operate the intermediate shaft and pulleys for the lathe, is 
4 feet in diameter, and has 11 inches face. The intermediate driving and loose pulleys are 19 
inches diameter and 6 inches face ; on the same shaft are cone pulleys of the same size as the 
cone pulleys on the lathe. The intermediate pulleys and shaft make 110 revolutions per minute. 



